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Installation of 
20 Bottom Fired Soaking Pits 


complete with Cover Removing Carriages 


The Soaking Pits, illustrated above, are 
equipped with a Gas Mixing Station centraliy 
positioned and have complete automatic control 
of temperature, combustion pit pressures. 
Cover carriages automatically cut, off gas ang air 
supply when removing covets. 
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Quality Control 


ON a number of occasions during the last few years 
we have drawn attention to the importance in the 
struggle for export markets of the production of goods 
of high quality. This term does not necessarily imply 
luxury goods, or even expensive goods. Rather should 
it be taken to mean goods which serve the purpose for 
which they have been designed without appreciable risk 
of failure; which possess an attractive appearance— 
and just what is an attractive appearance is governed 
by the eye of the prospective customer, and not of the 
manufacturer ; and which are not more expensive than 
seems reasonable taking the foregoing requirements into 
account. At the same time, there is no point, where 
orders are dependent on being able to sell at a com- 
petitive price, in making products which are “too 
good,” particularly where such a procedure involves the 
use of expensive or strategically important materials. 
A compromise solution has thus often to be found, in 
which the varying requirements of service conditions, 
economic prices and sales appeal have to be balanced. 

A case in point is the finish applied to motor cars ; 
the Americans consider that we are inclined to over- 
finish cars by giving them what they call a “ jeweller’s 
finish” rather than the “ kerb-side finish ’’ which is 
favoured over there. This point was emphasised by 
Dr. 8. Wernick, speaking at the Avery Institute earlier 
this month, when he made a spirited defence of the 
efforts of the metal finishing industry in the motor car 
field. The suggestion had been made that the finish 
on post-war cars was inferior to that applied before the 
war, but Dr. Wernick contended that such was not the 
case. Important developments put into practice just 
before the war had produced finishes superior to those 
applied in the early thirties, and finishes on post-war 
cars, having regard to the high rate of production which 
was necessary to take advantage of export markets 
immediately after the war, together with the baneful 
restrictions on the supply of nickel with which the 
industry had been faced, had been well up to standard. 
Nevertheless, Dr. Wernick agreed that there was no 
room for complacency, and that finishing had never 
been so important as to-day. 

In view of the acknowledged importance of quality— 
in other fields as well as finishing—the Productivity 
Report on Inspection in Industry, which was published 
last month, will be read with interest, because the team 
has considered inspection on the wider basis of quality 
control, and has studied and discussed mainly the 
inspection function and the organisation required for its 
performance, in the belief that such treatment will be 
of greater benefit to others than would a catalogue of 
detailed differences in procedure and practice between 
Britain and the United States. As have so many of its 
predecessors, the team concludes that the best British 
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practice is not behind the best in America, but that 
there is not the same enthusiasm over here as is revealed 
by the attendances at the meetings of the American 
Society for Quality Control. 

Inspection is primarily a management function, as in 
all fields of management, and at all levels, it is not 
enough merely to set up an organisation to carry out a 
process; there must be a continuous check that the 
organisation is fulfilling its purpose. Some firms have 
seen fit to impose on top of an existing inspection 
department, a so-called quality control organisation, 
one of whose functions is to inform top management 
straight from the factory about current quality, just 
as it is usually informed about quantities and costs. 
Only with this added information can management 
effectively make the right decisions. Such a quality 
control department would have duties other than those 
of reporting. Market and other outside factors affecting 
quality could be channelled through this department to 
exert their influence on design and production, whilst 
production troubles requiring rather longer-term in- 
vestigation than can be undertaken by the inspection 
department would fall to it for solution. 

The belief is expressed by the team that the influence 
of well-planned quality control organisations within 
industry can have far-reaching effects on the national 
economy. Not only is the work of an individual opera- 
tive rendered more effective; not only are materials 
used more effectively ; not only does the organisation 
within the firm run more smoothly ; but the nation as 
consumer is presented with an article more suited for 
its work, less liable to fault, and having a more precisely 
determined life. It is the existence of variability which 
militates against all these advantages, and it is with 
variability that inspection is designed to cope. 

The recommendations of the team fall into two 
categories: those of a general or national character 
which require group or national action, and those out- 
lining the steps to be taken by firms wishing to employ 
the most modern techniques. In the former class is 
strong support for the establishment of a technical 
qualification in inspection, based on a syllabus which 
should include simple statistical methods in addition to 
metrology and organisation. The importance of statis- 
tical methods is further emphasised in a number of 
other recommendations urging the organisation of 
training courses in such subjects as statistical engineering 
and statistical quality control. 

A further suggestion is made that, in view of the 
widespread activity and recent growth of the American 
Society for Quality Control, the professional institutions 
in this country could make a contribution to increased 
productivity by providing more specific opportunities 
for discussions among their members about the control 
of quality. This suggestion is particularly interesting 
in view of the arrangements made by the Institute of 
Metals to hold, in connection with the Annual General 
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Meeting this month, an all-day symposium on the 
control of quality in melting and casting non-ferrous 
metals. This is the first of a series covering the control 
of quality in the production of wrought non-ferrous 
metals. 

Management has a big part to play in quality control. 
It should first clearly define the standard of quality to 
be attained, and then set up an organisation, com- 
manding both respect and co-operation to ensure the 
standard is maintained. Perhaps most important of all, 
it should, by all the means in its power, endeavour to 
create an atmosphere in which everyone, especially 
production operatives, is quality-conscious. 


Flame Radiation Research 
Institute of Fuel Discussion 

INTRODUCING a discussion before The Institute of Fuel 
in London last month on the work of the Flame 
Radiation Research Joint Committee, Prorgssor O. A. 
Saunpers (Chairman of the British Committee) said 
that the aim of the investigations at Ijmuiden, Holland, 
was to improve the efficiency of industrial furnaces. 
Results obtained to date by the team of young British, 
French, Dutch and Swedish scientists had led to a better 
understanding of heat transfer processes—in particular 
of heat transfer by flame radiation. 

Heat transfer by radiation from luminous flames was 
mainly due to suspended carbon particles. We lacked 
knowledge of the number and size of these particles, and 
their rate of formation. The problem was a complex one, 
and could not be studied satisfactorily in the laboratory ; 
investigations were needed on a scale approaching that 
of the furnaces actually used in industry. Such investi- 
gations had been carried out at Ijmuiden over the past 
four years. 

Mr. M. W. Turine (General Superintendent of 
Research to the Committee) said that the earlier experi- 
ments were of two types—“ performance trials’ and 
** combustion-mechanism trials.” In the performance 
trials the effect on the flame radiation of the following 
pairs of variables was compared: (a) oil and creosote 
pitch ; (5) rate of fuel energy input, 76 and 106 therms 
per hour; (c) air and steam as atomising agents; (d) 
an increase of 20% in the quantity of atomising agent ; 
(e) an increase of 25°; in the quality of combustion air. 
In the combustion-mechanism trials the object was to 
measure in great detail the conditions inside the flame, 
with a view to finding an explanation of the results of 
the performance trials. For example, the structure and 
distribution of the soot particles in flames had been 
studied by means of the electron microscope. 

In the second series of experiments (the “ burner 
trials ’’) the effect on the flame characteristics of using 
various types of burner was studied. At first the 
experiments were confined to oil fuel, but later compari- 
son was made between coke-oven gas and oil as fuel. 
It was shown that (1) in the early part of the flame the 
radiation from coke-oven gas is much lower than for 
oil; (2) in both cases the most important effect on 
flame radiation is that of jet momentum ; and (3) the 
emissivity of the flame depends on the square of the 
soot concentration, if the soot is formed by two molecules 
meeting. 

The next stage in the work would be to apply the new 
knowledge concerning the effect of jet momentum on 
flame length, and the relative effects of air and steam 


as atomising agent, to improving burner design. And 
studies would be made of the radiation from pulverised. 
fuel flames in water-tube boilers. 

Following Mr. Thring’s address there was a general 
discussion, in which the following were among those who 
took part: Dr. J. H. Cuesters (United Steel Com. 
panies), Stk CHARLES GoopeEVE (British Tron and Steel 
Research Association), Mr. G. J. Gotti (Shell Petro. 
leum Co.), Mr. I. Lusppock, Dr. G. W. C. ALLAN (British 
Coal Utilisation Research Association), and Dr. A, 
ParKER (Director of Fuel Research, D.S.I.R.). 


New Home for B.S.I. 


Tue British Standards Institution recently announced 
to its 7,800 subscribing members that it will move at the 
end of the summer into a single, self-contained office 
block at 2, Park Street, Mayfair. It is well over half-a- 
century since the B.S.I. occupied its first office at No. 28, 
Victoria Street, London. Today the Institution spreads 
over seven floors of the same building and the adjoining 
No. 24. It also occupies extensive accommodation at 
24, Gillingham Street, a mile away behind Victoria 
Station. 

Although the floor-space at “ British Standards 
House,”’ as the new home is to be called, is not substan- 
tially greater than that at present occupied by the B.S.I. 
concentration of the staff and facilities under one roof 
will aid efficiency and economy: and space will also be 
available for all the 3,800 committee meetings which 
the B.S.I. convenes in the course of a year. The many 
thousands of industrial and professional people in prac- 
tically every major field of industry, who devote so much 
time to serving on B.S.I. technical and policy committees, 
will find added convenience in this centralisation. 

The Institution’s work and responsibilities are still 
rapidly expanding, as evidenced by the fact that nearly 
a million copies of British Standards are sold in a year— 
and more than a quarter of them overseas. Some 250 
new and revised standards are prepared each year, and 
now the Institution is engaged in the preparation of 
quality and performance standards for the wide range of 
clothing, furniture and other domestic equipment which 
was formerly covered by the Utility schemes. 

The new building will not only provide an appropriate 
and dignified home, but will also enable the Institution’s 
services to be more efficiently operated in the interests 
of its members and of industry in general. 


International Instrument Congress and 
Exhibition 

Tue First International Instrument Congress and 
Exhibition, sponsored by the Instrument Society of 
America, will be held in September, 1954, in the 
Philadelphia Museum and Convention Hall, Philadelphia, 
Pennsylvania, U.S.A. The Congress will open on 
September 13th and close on September 25th, the 
Exhibition being open September 15th to 21st. 

A number of societies and associations have tentatively 
decided to co-operate in arranging the meeting, and 
invitations will be extended to instrument users through- 
out the world. Space is available to any company 
manufacturing instruments and laboratory apparatus 
for measurement, analysis, inspection, testing, com- 
puting, photography and automatic control. 
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Some Metallurgical Applications 
of Ultrasonics 


By Alan E. Crawford, A.R.Ae.S. 
(Mullard, Ltd.) 


The contribution made by ultrasonics to one solution of the problem of soldering 

aluminium is well known, and the resultant method is now in everyday use in the work- 

shop. In this article, the author discusses the factors governing the design of ultrasonic 

generators for metallurgical applications, and refers to a number of ways in which 
ultrasonics can be used, particularly in the foundry. 


has been studied for some time, but until recently 

work has been handicapped by the absence of 
suitable generators for research and subsequent produc- 
tion exploitation. The introduction of reliable equip- 
ments employing magnetostriction transducers now 
opens up this new field of application, and it is already 
showing promise in a number of processes in the foundry, 
in electroplating, and in metal fabrication. 


Tie use of high power ultrasonic waves in metaliurgy 


Generators 


Ultrasonic waves can be produced by many different 
types of generators and transducers, but, with the 
exception of magnetostriction units, all have con- 
siderable disadvantages when it is necessary to propagate 
the sound wave into materials at elevated temperatures. 
It is usually impossible to couple the transducer directly 
to the material, and a coupling bar is, therefore, required. 
The use of crystal transducers makes the acoustic 
coupling between the bar and the crystal a difficult 
procedure and liquids are usualiy employed as a means 
of providing such a coupling. Crystals are also affected 
by changes in temperature, and this factor imposes 
limitations on their employment in the metallurgical 
industry. 

Magnetostriction transducers, however, are inherently 
robust in form and can be connected to coupling rods by 
soft or hard soldering. The characteristics of the 
material used enables them to be employed as an ultra- 
sonic source at elevated temperatures, and the generators 
required for driving purposes are simple in form and can 
be operated by relatively unskilled personnel. 


Maégnetostriction 


The little-utilised effect of magnetostriction has been 
known and observed for many years, but it is only 
comparatively recently that satisfactory explanations 
have been given for the reasons a material exhibits this 
effect. All magnetic materials are magnetostrictive to 
a greater or lesser degree, and are characterised by a 
change in their physical dimensions when they are placed 
in a magnetic field. Similarly, there is a change in 
magnetisation in such materials when their dimensions 
are altered by an external force. The ferromagnetics— 
iron, nickel, and cobalt, and alloys of these metals—are 
all magnetostrictive. Several different effects have been 
noted, but the change in length along the axis of the 
applied magnetic field when the field is varied is the 
only one that need be considered for ultrasonic genera- 
tion. This is usually termed the ‘“ Joule ” effect. 
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Magnetostriction can be explained by consideration of 
the domain theory. In an atomic system, the funda- 
mental particle is the orbital electron. However, in 
most systems the magnetic effects produced by orbital 
movement nearly neutralise each other. Due to the 
random orientation of atoms in a solid, the magnetic 
moments of separate atomic groups are generally can- 
celled out. There are certain exceptions, however, and 
these occur in the materials known as ferromagnetics. 
In these systems, a force exists which causes the atomic 
magnetic fields to lie parallel and these domains of 
magnetic moments can be aligned by an external mag- 
netic field. Each domain is magnetised to saturation 
but, dependent on the crystal structure of the material, 
may be in any of a number of fixed directions known as 
the “‘ easy directions of magnetisation.”’ 

With an increasing external magnetic field, certain of 
the domains that were originally magnetised in the 
direction of the field grow in size, taking over the other 
differently oriented domains until the complete crystal 
becomes one large domain. As the field becomes more 
intense, the domain in each crystal rotates until it is 
parallel to the field. During this process, the material 
expands or contracts its external dimensions and con- 
tinues to do so until all the domains are parallel. The 
material is then said to be saturated. 

It should be appreciated that the changes in dimen- 
sions are very small. Nickel shows one of the largest 
changes in unit length, but this actually amounts to 
only 30 parts ina million. Ifthe material is at mechanical 
resonance with an alternating field, the change may be 
as high as one part in a thousand, but will be limited 
by fatigue properties of the material. The static force 
produced will be determined by the change in length 
and the modulus of elasticity of the metal: for nickel 
this is in the region of 1,000 Ib. /sq. in. 

The ferromagnetic materials differ widely in the 
magnitude and sign of the magnetostriction effect, as is 
shown in Fig. 1. It will be seen that iron expands in a 
weak field and contracts in a strong field, whereas nickel 
contracts at all field strengths. As the temperature 
increases, the material loses its magnetostrictive 
properties and continues to do so until the Curie point 
is reached. 

Pure nickel is commonly used for the construction of 
ultrasonic transducers, but has some disadvantages for 
certain applications. It possesses a Curie point of 360° C. 
and will, therefore, require adequate cooling facilities if it 
is employed for metallurgical applications utilising heat. 
The resistance to fatigue is also low in comparison with 
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Fig. 1._-Change in length per unit length with varying 
field strength for iron, nickel and cobalt. 


other metals. An interesting material for certain 
magnetostriction purposes is found in the nickel-iron 
alloy system. Fig. 2 gives curves for the change in 
length as a function of induced magnetism (B—H) for 
various alloy proportions!. 

The iron-cobalt alloy known as Permendur has very 
large magnetostriction factors. Small percentages of 
vanadium are added to ensure workability of this 
material, which possesses a high Curie point and excellent 
fatigue resistance. Current commercial designs of trans- 
ducers are now using this material for applications where 
heat is experienced; the Mullard ultrasonic soldering 
iron is a typical example. 

It will be seen that the effect occurs in the same 
direction for a given material, irrespective of the polarity 
of the external field. If a sine-wave source is used to 
energise the exciter coil, the frequency of the dimensional 
change will be twice the exciting frequency. To avoid 
this, it is necessary to provide an initial magnetising bias 
of a magnitude that is not exceeded by the exciting 


field. In practice, a magnetic bias is chosen where 
as (S=strain and B=biasing flux density) 


will be a maximum. This point can be selected approxi- 
mately by a consideration of the static curves, and has 
been found to be that at which the biasing flux density 
B equals about 60%, of the saturation value. This can 
be supplied by permanent magnets or, more conveni- 
ently, by a direct current in the energising coil. 

The resonant frequency of a magnetostriction element 
can be expressed as 

V 
2L 
where V is the velocity of sound in the material, and L 
is the longitudinal dimension of the element. In most 
materials, the velocity of sound varies slightly with the 
temperature of the medium, and this must be taken 
into consideration in the design of transducers for 
operation in heated conditions. 

Early magnetostriction elements utilised nickel rods 
or tubes, but they suffered from the disadvantage of high 
eddy current losses and low fatigue resistance. Attempts 
to cut down losses by slotting the tubes have been made, 
but this further weakens the fatigue resistance. 
Laminated assemblies similar to transformer cores are 
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Fig. 2.—-Change in length per unit length as a function of 
induced magnetism for nickel-iron alloys. 


now used, the laminations being insulated from each 
other by an oxide coating on the metal, or by mica 
inserts. This effectively cuts down electrical losses and 
gives a structure which has a high fatigue resistance. 


Power Units 


The power supply for a magnetostriction transducer 
consists basically of a power amplifier fed by a variable- 
frequency sine-wave source and a D.C. current supply 
for polarising purposes (Fig. 3). The amplifier is similar 
electrically to a normal audio unit as is employed for 
public address purposes, but is provided with an output- 
matching transformer that is capable of high efficiencies 
at the frequencies used, and that can be matched to the 
transducer impedance. In the frequency range 20-30 
ke/s, it has been found that efficient transformers can be 
designed using manganese zinc ferrite cores instead of 
the usual iron cores. The amplifier is driven by an 
oscillator adjustable over the range 15-40 kc/s. When 
transducers are mechanically coupled to solids, their 
natural resonant frequency will be altered and _ the 
oscillator is tuned to match this frequency to achieve 
maximum ultrasonic output. Fig. 4 shows a Mullard 
generator of this type. 


Transducers 


For ultrasonic propagation into liquids at normal 
temperatures, the coupling of the transducer to the 
work presents no great difficulty. Usually the magneto- 
strictor can be completely immersed in the liquid, or the 
active face can be maintained in contact with it. If the 
liquid is capable of wetting the surface, no large acoustic 
impedance is presented by the interface and propagation 
takes place with little acoustic loss. It will be realised 
that, as a sound wave is essentially a particle movement, 
the acoustic coupling required is of the utmost importance 
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Fig. 3.—Basic diagram of magnetostriction ultrasonic 
generator. 
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if high transfer efficiencies 
are to be achieved. In the 
metallurgical industry, how- 
ever, a number of problems 
are encountered that are not 
met in other applications of 
ultrasonic energy. Usually 
the material under treatment 
is at a high temperature, and 
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TRANSDUCER 


WATER 


WATER JACKET 


TRANSDUCER 


in many cases it is not 
practicable to position the 
transducer close to the work. 
In the case of the grain 
refinement of cast metals, the 
metal must be allowed to 
solidify while in contact with 
the transducer face, and it 
may be necessary to consider 
the transducer consumable if 
a welding action occurs. A 
coupling rod with matching 
acoustic characteristics is, 
therefore, employed, and 


COUPLING 
BAR 


DIPPER 


MOLTEN METAL 


manv types and materials 
have been suggested and 
tried. The joining of this rod 
to the transducer face is one 
problem that has not been satisfactorily solved for 
universal applications. 

For many purposes, the system shown in Fig. 5 can be 
employed. A stack transducer of square cross section, 
and wound with glass-insulated wire, is brazed to the 
end of a coupling rod whose length has been adjusted to 
be a function of the wavelength of sound through the 
material, and is mechanically resonant at the frequency 
employed. Generally, a bar with a half-wavelength 
resonance is used, and this means that there is a node of 


coupling bar. 


Fig.4.—Mullard 
1 Kw. ultrasonic 
generator for 
driving a mag- 
netostriction 
transducer. 
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Fig. 5.—Transducer fitted with 


Fig. 6.—Treatment of metallic melts by 
low frequency ultrasonic energy. 


vibration at approximately the physical centre, and an 
anti-node at either end. Clamps, if needed, can be 
positioned at the nodal point without damping the bar, 
thus enabling the unit to be rigidly positioned for 
coupling to the work. In some applications, it is neces- 
sary to use high acoustic energy concentrations, and 
this can be effected by tapering the bar ; the amplitude 
at the operating face will then be a function of the ratio 
between the diameters of the ends of the bar, increasing 
as the operating face diameter decreases. 

German publications have suggested demountable 
bars, using a liquid interface of oil or grease*. The bar 
and the transducer are clamped together by members 
positioned at their respective nodal points. The 
material used for the bar can be mild steel for many 
applications, but when used for treating molten metal 
the choice of material will be governed by the metal 
being melted, so that pick-up of impurities from the 
coupling bar can be avoided. Quartz and graphite rods 
have been used with some success, a joint being made 
to the magnetostrictor with a resin cement such as 
Araldite. It is then necessary to provide cooling for the 
transducer and joint if high temperatures are 
experienced. 


APPLICATIONS 
Metallic Coatings 


The use of ultrasonic waves to facilitate the coating of 
metallic surfaces with other metals is now well known, 
and has been discussed in detail in other papers when 
used for the specific purpose of soldering**. It is of 
interest, however, to note that the process is not 
restricted to low melting point coatings; steel can be 
coated with aluminium, for example. Further work is 
required in this direction, but there would appear to be 
possibilities in the simplification of existing coating 
methods with improved results. The lowering of surface 
tension produced under ultrasonic treatment promotes 
a smoother flow over the surface, with a greater freedom 
from flaws and uneven thicknesses. 
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Courtesy of the Physical Society. 


Fig. 7.—-Melts of aluminium-4°%%-copper alloy. Weight 20 Ib. 


(a) Solidified normally. (b) Solidified during 


ultrasonic irradiation. 


Grain Refinement 


The problem of grain refinement in metal casting is 
well known, and a number of processes for improving the 
crystalline structure are employed. Success has been 
achieved in this direction by the employment of ultra- 
sonics during the solidification period, and the work has 
been reported in a number of papers®-*. Fig. 6 shows the 
basic arrangement for irradiating the melt : this system 
has been used with success on aluminium alloys. The 
photographs in Fig. 7° show the effect on an aluminium- 
4%,-copper alloy using about 100 watts at 26 ke/s. It 
will be noted that the dendrites in the microstructure 
are broken up and dispersed, and it is thought that grain 
size reduction is produced by the shattering of newly- 
formed dendrites in the metastable region during 
solidification, thus producing new dispersed nuclei for 
the growth of smaller crystals. Similar results have been 
noted with antimony and cadmium and various alloys 
of aluminium and magnesium. In the case of antimony, 
it has been reported that there is a considerable 
increase in the hardness of the metal. It is also stated 
that undercooling is eliminated, but the time for solidi- 
fication is not reduced. 


Degassing 


The degassing action of ultrasonic waves is known for 
liquids at normal temperatures, and has also been applied 
to molten metals. Recent papers have claimed that 
equivalent results to those obtained by the use of 
chlorine are possible, vibrations being applied to the 
melt at about 50°C. above the liquidus and maintained 
until solidification occurs. Suspended particles or 
bubbles of gas tend to collect at the nodes of a wave in a 


liquid and thus will coalesce into a bubble large enough 
to rise to the surface and disperse. 
Segregation and Dispersion 
At low ultrasonic intensities, below the cavitation 
threshold, there is a tendency for separation to occur in 


metallic melts. In the aluminium-silicon alloys, the 
silicon content can be brought to the top by applying 
ultrasonic waves. This has also been noted in the alu- 
minium-copper series up to the aluminium-33%-copper 
eutectic. 

When the wave is of sufficient intensity to produce 
cavitation, the opposite effect of dispersion occurs, and 
this has been used to mix powdered metals into melts 
and to produce alloys of normally immiscible metals. 
The production of alloys of aluminium and lead, alu- 
minium and cadmium, and iron and zinc has been 
effected by this method. Increased solubility of 
normally alloying elements has also been noted, and the 
increase in the solubility of carbon in iron has been 
reported in detail. Many of these alloys differ widely 
from a true melt as it is not necessary to raise the 
mixture to a temperature where both materials are in 
a molten state. The complex alloy FeZn, has been 
produced by this means, by melting zine in an iron 
crucible and treating with ultrasonics during the molten 
stage. The use of the large pressures produced in an 
ultrasonic wave has been employed to promote crystal- 
lisation of carbon in iron, and thus to synthesise 
diamonds. 


Miscellaneous Effects 
It has been noted that if a metal is subjected to 
ultrasonic vibrations in a solid state it becomes more 
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active in the presence of chemical reagents. Interesting 
experiments have been conducted on the nitriding of 
steel under these conditions, and it has been reported 
that the process is considerably accelerated. The attack 
by chlorine on many metals has also been speeded up. 
Diffusion of hydrogen through heated platinum is 
modified under the action of ultrasonic waves, the 
temperature necessary for the action being very much 
less than that normally required. It is possible for 
active diffusion to take place at room temperature 
using high vibratory intensities. It is thought that the 
molecules in a solid behave under intense vibration in 
the same way as if the solid were heated, increasing the 
spacing between them and allowing the passage of 
diffusing gases. 

The allotropic transformation of white tin, with a 
tetragonal structure, into grey tin of cubic structure has 
been observed to be accelerated by the action of vibration 
and low temperature. Provided that the tin is lowered 
to a temperature of 12° C.—the point of reciprocal trans- 


formation of the two allotropic modifications—the 
application of ultrasonics can start the transformation. 
The reverse will occur at temperatures above 12°C. 
changing grey tin to white tin. 

Many other miscellaneous effects have been listed and 
the whole subject requires considerable further work 
directed towards the application of ultrasonics in 
production techniques. The effects outlined tend to 
show the extent of the field that can be covered and the 
introduction of efficient generators is rapidly stimulating 
active research into a number of applications. 
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Open-Hearth Steel Furnace Maintenance 
Proceedings of Conference Reported 


A further conference has been held to discuss the findings contained in the Productivity 
Report on Iron and Steel. This time the repair and maintenance of open-hearth furnaces 
was the subject and papers were presented dealing with practice in Britain, Germany 


and the United States. 


HE maintenance and repair of open-hearth 
furnaces was the subject discussed at a recent 
joint meeting of the Iron and Steel Institute’s 
Engineers Group with the Plant Engineering and Steel- 
making Divisions of B.I.S.R.A. This conference was 
one of a number being organised in the industry to 
discuss the findings of the Productivity Report, pub- 
lished last June, one of whose principal conclusions was 
that less maintenance man-hours are expended in 
America, despite harder furnace driving, and repair 
times are shorter. 

British practice was discussed in the morning session, 
with Mr. J. F. R. Jones (John Summers & Sons, Ltd.) 
in the chair; overseas practice was discussed in the 
afternoon session with Dr. T. P. Colclough, C.B.E. 
(British Iron and Steel Federation) in the chair. The 
papers in the morning session were : 

Cold Metal Practice: Fixed 80- to 100-ton Furnaces. By 


J. E. Pruck, Steel Peech and Tozer. 
Hot Metal Practice: 80-ton Fixed and 250-ton Tilting 


Furnaces. By S. G. Witiiams, Guest Keen Baldwins 
Iron and Steel Co., Ltd. 


and in the afternoon session : 


Repair and Maintenance of Open-Hearth Furnaces in 
Germany. By Dr.-Inc. C. Kreutzer and A. 
Munp, Maerz Ofenbau G.m.b.H., Krefeld, Germany, 


which was presented by Dr. Munp. 
Repair and Maintenance of Open Hearth Furnaces in 
U.S.A. By R. W. Evans and I. 8. Scorr-MaxweE .t, Steel 


Company of Wales, Ltd. 
Cold Metal Practice 


Mr. J. E. Piuck confined his remarks chiefly to 
practice at the Templebrough melting shop at Steel 


March, 1953 


A brief account of the proceedings of the conference is 
presented here. 


Peech and Tozer, where there are 14 furnaces of 80 tons 
capacity, all recently converted from producer gas to 
oil fuel, and now in the process of being rebuilt, one at 
a time, to 100 tons capacity. 

The intention was to work 1] furnaces throughout, 
and as the plan was based on roof life, and roof life 
averaged 12 weeks (patched if necessary to attain the 
average), one furnace must go back into operation each 
week, whatever the duration of the repairs on the three 
currently down. The speaker laid emphasis on the fact 
that in planning major repairs, very careful attention 
was given to examination after shut down, the length of 
the campaign and the last major repair history, which 
together enabled a forecast of the necessary repairs to 
be made. 

Top repairs were carried out after 12 weeks (one roof 
life) and general repairs after a campaign (a checker life) 
which was usually two roof lives. In a top repair, all 
the furnace above the sill and the slag (which was very 
solid) were removed, and all the brickwork was rebuilt. 
This normally took a week, which was sometimes 
exceeded because of the necessity of including some 
checker and uptake repairs, which, in turn, was a con- 
sequence of improved roof life on some furnaces. A 
general repair was similar to a top repair with the 
addition of checkers and flues. That is, the checkers 
were taken out and replaced, flues cleaned out, furnace 
roof, front and back walls, tap hole, bath banks, burner 
block ends, ramp roofs, uptakes and all the slag pockets 
were dismantled and rebuilt, and the slag pocket arches 
bridge wall, and neck and checker arches given any 
necessary repair. The speaker described the detailed 
organisation of a general repair, which lasted two weeks. 
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Tractor shovel entering slag pocket to remove rubble and 
blasted slag at East Moors works. 


Warming up took three days after each type of major 
repair, in both of which the men employed were : 

Dismantlers : three shifts of 12 men and one charge- 
hand on each shift = 39 men. 

Bricklayers : three shifts of 12 bricklayers and 13 
labourers and a chargehand on each shift = 78 men. 
For maintenance and repairs during the campaign, a 

hot repair gang of bricklayers was employed, who also 
relined ladles : roof patching was often necessary after 
eight or nine weeks. If, towards the end of the campaign, 
the furnace was draughting badly, then a false flue was 
sometimes built through the checker wicket and through 
the manhole into the flue, thus slightly short circuiting 
the checkers. This could be effective on a_pitch- 
creosote-fired furnace, and might give an extra week’s 
production. Replacement of a full new main roof and 
front wall because of accident would take about three 
days. Repair due to bath breakout might take anything 
from two to ten days. 

On the question of brick supplies, Mr. Pluck said that 
his works used an average of 214,000 per week, of which 
144,000 were used on top and general repairs—over 100 
wagons per week, or about 16 per day, and of these, 
75% were unloaded direct on the furnace site. Railway 
wagons in this country were not suitable for pallet 
loading, and they did not use it. He thought that to 
make pallet loading practicable it would be necessary to 
have wagons with 6 ft. wide doorways, access from each 
end and room on the wagons for a fork-lift truck to turn 
round. In addition, very large brick storage was neces- 
sary, as well as complete road transport accessibility, 
which was only possible on new sites. Refractories 
consumption averaged 60 lb. per ton of steel on furnaces 
with silica roofs ; 35 |b. on all-basic furnaces. 

Average roof life had improved over the last six 
years (Table I), with a slight check in 1947/48 when the 
extended working week was introduced. The big 


TABLE IL.—ROOF LIFE AT STEEL PEECH AND TOZER. 


| Rate of 
Year Actual Life Working 
Casts Weeks =| (Casts/ Week) 
| 

1946 126 10-6 =| 
1947 114 9-7 11-8 
1948 pe 126 9-6 13-1 
13-0 
13-6 


increase in roof life in 1950, accompanied by a sligh; 


drop in the rate of working, was mainly due to th were : 
beginning of trials with low-alumina silica bricks. Th. furnac 
very marked improvement in 1951 was due to a numbe loss of 
of factors, including super-duty bricks, teamwork, the regain 
use of roof pyrometers by the furnace crews, and 4 arches 
reduction in the number of special repairs. Low-aluming of the 
bricks gave excellent results when used for full roofy, Exc 
but proved uneconomic. They were now used profitably carries 
where there was most wear. generé 
Hot Metal Practice — 

Mr. 8. G. WiLt1aMs, describing “ Hot Metal Practice; lightin 
80-ton Fixed and 250-ton Tilting Furnaces,” said that but a 
at the East Moors works they had five tilting and two fuel-o 
fixed furnaces. The shop had been operating over the The 
last three years at a figure of 87%, furnace availability, of wh 
equal to the continuous production of six out of the rebric 
seven furnaces. It was hoped to increase these figures sickné 
to 93% and 6-5, respectively, within the near future. 90-22 
They did not employ a separate hot repairs crew, so The 1 
careful scheduling was essential, as was good intelligence parat 
of the state of all furnaces and thorough records of and § 
previous repairs. A three-monthly repair programme to al 
was laid down, and in order to ensure that bricklayers ducti 
were not required for a hot repair at the same time as not it 
they were wanted on a general repair, the beginning of hour: 
a general repair sometimes had to be delayed. book 
A factor which had contributed to increased campaign hour: 
life was the use of bonded instead of ringed roofs, which insta 
took one shift longer to install, but had reduced patching Th 
and practically eliminated collapses. Another factor off sl 
was the use of basic bricks at furnace ports, front and layer 
back linings, wing and side walls, and uptakes to the | 
charging floor level. Possible heat loss, however, body 
through 9 in. uptake linings had determined a return to with 
14 in. thickness. Mr. Williams remarked in this connec- this 
tion that they could now keep a continuous record for used 
six hours of the air temperature and waste gas tempera- Ri 
ture, and might be able to do so for 24 hours if necessary. in ti 
He had found that checker temperature was a very poor valv 
guide to the air temperature, which optical pyrometers note 
on the checkers had shown to differ by as much as 150°- wag’ 
200° C. The use of basic brick, with added protection and 
from a 3 in. splay on front pillars to reduce mechanical trac 
wear, and extensive water cooling had cut down main- had 
tenance repair on the front lining to one complete beet 


renewal during one campaign. 


Previous small access wicket in regenerator. 
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Other factors contributing to increased campaign life 
were: a B.R.I. gun, used for maintenance inside the 
furnace ; checker blowing, which appeared to result in 
loss of air preheat temperature, taking a day or two to 
regain, but which made it possible to raise the bearer 
arches by a foot, which, in turn, had speeded up removal 
of the flue dust on rebuilding. 

Except in extreme necessity, top repairs were not 
carried ovt at East Moors. There were two categories of 
general repair. The first included roof, linings and 
walls, uptakes, and pulling slag and top courses of 
checker work, which took seven days from fuel-off to 
lighting warming gas pipes. The second was similar 
but added complete checkers : this took nine days from 
fuel-off to lighting warming gas pipes. 

There were 65 bricklayers and 85 helpers in the shop, 
of whom five masons and 20 helpers were on daywork, 
rebricking steel ladles, doors, chutes, etc. Allowing for 
sickness and holidays, there remained 18—20 masons and 
20-22 helpers per shift for 19 shifts during the week. 
The works labouring force was called upon for all pre- 
paratory work, such as cutting down and general brick 
and slag removal. A weekly incentive bonus was paid 
to all masons and helpers, based on the weekly pro- 
duction hours of all furnaces. On one general repair, 
not including work on checkers or uptakes, 1,113 mason- 
hours, 1,430 helper-hours and 3,161 navvy-hours were 
booked, fuel-off to gas pipes lit being 4 days, 8 
hours and 15 minutes. Of the 3,16] navvy-hours in this 
instance, 1,877 (59°) had been spent in the slag pockets. 

This emphasised the importance of speed in pulling 
off slag and preparing the slag pocket area for the brick- 
layers. This applied especially to fixed furnaces, as on 
the tilters shields could be inserted between the main 
body and the intermediate ports, and gas pipes lit 
without detriment to men working below. To assist in 
this and other preparatory work, mechanical aids were 
used wherever possible. 

Roofs were dropped by crane, and the charger knocked 
in the front wall. The debris was thrown on to the 
valve house floor (on tilting furnaces through the slag 
notches) whence it was removed by tractor shovels and 
wagons or dumper cars for removal and sorting. Slag 
and debris from the slag pockets was removed by 
tractor shovels, for the access of which the slag pockets 
had been enlarged. Similarly, regenerator wickets had 
been enlarged to allow the jib of a mobile crane to enter 


Brick conveyor to top of regenerator arch. 
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Tractor shovel remraoving rubble and blasted slag from 
slag pocket. 


with buckets for removing the old bricks, and with a 
pallet for rebuilding. Cardox explosives were used for 
breaking up large lumps of slag, and a method using 
sand floor and walls plus stopper sleeves had been 
adopted for easier placing of the charges. 

Once the bricklayers could get on the job it was, said 
Mr. Williams, very important to ensure an ample supply 
of easily accessible material, as much for reasons of 
morale as practical efficiency. Unlike the previous 
speaker, he had not found that palletising offered 
particular difficulties. All bricks were unloaded on to 
pallets in the valve house and taken by fork-lift trucks 
to the appropriate storage bay, whence they were 
removed by the same means to positions beneath the 
hatches in the charging floor and conveyed by crane to 
the site. Palletised roof bricks were positioned on 
stands set in front of the furnace, or on the main cross 
girders of the furnace superstructure. Lining bricks 
were moved by roller conveyors into the furnace. Quite 
apart from the advantages of service to the bricklayers, 
palletising very substantially reduced breakages and 
chipping. In a further effort to decrease down-time, a 
brick elevator was now being used for conveying bricks 
speedily from valve house floor level to positions 
unattainable by fork trucks, such as regenerator chamber 
arches. It was also used for delivery of bricks direct to 
a furnace through the slag notches. 

Finally, the speaker said that in initial warming up 
with coke-oven- or blast-furnace-gas pipes, the roof 
temperature was raised to 400°C. within 12 hours. 
Liquid fuel was then introduced and the furnace 
gradually warmed to top heat 24 hours later. Pipes-on 
to commencement of first charge was 40 hours. 


Joint Discussion 

In the discussion following these two papers, Mr. 
R. A. M. Wricur (Stewarts & Lloyds, Ltd.) gave 
particulars of some repair times at Corby. An ordinary 
general repair took 3 days 17} hours tar-off to coke- 
oven-gas flares in bath. This included new roof ramps, 
front wall and checkers ; repair of doghouses, monkey 
and wingwalls, and jack arches ; cleaning out of runners, 
flues and slag pockets ; and cutting out and relining of 
taphole. 

Another general repair, including in addition rebrick- 
ing and ramming in a new bottom, rebuilding one 
chamber arch and relining air uptakes and bulkheads, 
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was completed in 7 days 8} hours. A _ third, 
like the second but including both chamber arches, 
took 6 days 20} hours. 

The methods used to achieve these times included the 
accurate assessment of labour and materials required, 
based on records and inspection; palletising and 
strategic placing of bricks ; rapid cooling as soon as the 
taphole was dried up; dropping the roof by crane 
slings; use of light-alloy roof centres; discharge of 
debris (while roof bricks were being laid) through a hole 
in the stage direct into trucks at valve pit floor level. 

For easy slag removal, dry ramps had been built in 
the slag pockets, covered over with 2-in. bars and 
insulated with old bricks and sand. A 30 ft. x 10 in. 
square bloom inserted across a fulerum made it possible 
to prise up and remove the slag, so that the slag pockets 
could be cleaned out in about 12 hours. Basie ends 
had led to a more friable slag. Checkers had been 
changed to 134 x 6 x 3 (10}in. flues), giving at least 
18 months service and easy cleaning. 

Mr. Wright gave some further constructional details, 
including a method of avoiding failure at the doghouse 
by the use of plastic magnesite and water cooling. 
Failure in regenerator and slag pocket arches had been 
minimised by the use of 40/42 AlI,O, firebricks. 

Shop layout in relation to furnace availability was 
touched on by several speakers in the remainder of the 
discussion. Mr. A. W. Evans suggested that there were 
marked advantages in a stage railway and ground 
charger system, as opposed to overhead chargers. With 
ground chargers it was possible to use overhead cranes 
without interfering with charging, and when one furnace 
was under repair the area round it could be made inde- 
pendent of the rest of the shop, so that the part of the 
railway track serving that furnace could be used entirely 
for brick movement. Mr. Piuck agreed. A stage rail- 
way with loop lines to serve three or four furnaces was 
of great value. A furnace under repair could be made 
quite independent of production operations, and bricks 
and other material could be stacked on site. 

Selection of refractories and furnace design were also 
commented on. In this connection Mr. Pluck stated 
that from a single uptake furnace at his works they were 
gaining information which promised improvements in 
roof life, and might lead to quicker repairs than with 

other types of furnace. 


Practice in Germany 


In the afternoon session Dr. T. P. Colclough welcomed 
Dr. A. Munp who presented a paper by himself and 
Dr.-Ing. G. Kreutzer. This paper reviewed the open- 
hearth process in Western Germany, where it accounted 
for 52-5%, of the steel output. Little reference was 
made to the various types of repairs or to the value of 
machinery, which the age and layout of most German 
works made it impossible to use. It had therefore been 
necessary instead to develop the highest possible 
durability of the furnaces and thus reduce the number 
and duration of repairs. In this way, a degree of 
utilisation, at least as high as in America, and sometimes 
even higher, could be achieved. 

After discussing furnace design, firing arrangements 
and the construction of checker chambers and flues, Dr. 
Mund turned to roof life and said that all-basic furnaces 
and furnaces with supported or suspended roofs now 
accounted for 30°, of the total, and this proportion was 
growing. 


It included coke-oven-gas, mixed-gas and tilting 
furnaces, and extraordinarily long roof lives had bee 
achieved. In one large coke-oven-gas furnace with 
additional oil firing, the roof lasted approximately 1,75) 
heats, in which the furnace produced 192,000 tons of 
steel. In another case, with a coal-dust carburetted 
60-ton coke-oven-gas furnace, more than 100,000 tons 
of steel were produced with one roof lining. At the end 
of December, 1952, the roof of a 35-ton coke-oven-gas 
furnace reached a life of 4,000 heats. 

The so-called box type of roof construction was giving 
good results. “ In this design,” said Dr. Mund, “ single 
courses between the lateral ribs are sub-divided, by the 
insertion of longitudinal ribs, into any desired number of 
‘boxes.’ This provides a further bracing of the whole 
roof and enables any single prematurely worn places to 
be secured by filling up the affected boxes with filler 
bricks.” 

On the use of oxygen, the speaker said that economic 
ancoens had been achieved in the enrichment of air to 
23% in gas producers ; in speeding up scrap melting by 
enrichment of combustion air to 23-24°,; in decar. 
burising by lance in certain cases, such as the production 
of very low carbon steels ; and in desiliconising stahleisen 
by oxygen injection in the ladle. 


Practice in the United States 


Mr. I. 8. Scorr-MaxweE ut (Steel Company of Wales, 
Ltd.), a member of the Productivity team, introduced 
the paper by Mr. R. W. Evans and himself. He drew 
attention to the statistics for basic open-hearth steel- 
making for 1950 given in the Productivity Report. 

There were several differences between the two 
countries which affected furnace repairs. In the much 
larger American steelworks, large concentrations of 
labour could be brought to bear and there was more 
space available in and around the plant for mechanical 
aids to quick repairs. Furnaces were larger, averaging 
130 tons tapping capacity compared with 90 tons in the 
U.K., and 75% of American open-hearths were fixed, 
operating on the hot metal process. 

The number of taps per week did not differ materially 
from British practice, but because of the greater tonnage 
tapped, and the higher availability of the furnaces, the 
productivity per unit of plant averaged 57°, greater 
than in Britain. Much of this was due to very high 
furnace availability in American melting shops, the 


TABLE IL.—NATIONAL STATISTICS FOR BASIC OPEN-HEARTH 
STEELMAKING, 1950. 


U.S. U.K. Ratio 
(tons) (tons) | U.S./U.K. 

Effective ‘apacity*® 1950) : | 

Per Year | 78,550,000 13,830,000 5-7 

Per Week 1,510,000 266,000 
Furnaces : 

Total Number ee 908 330 2-75 

Effective Number .. 828 265 3-13 
Output (1950) : 76,500,000 12,890,000 5-9 
Output (Average per Ww eck) 1,472,000 248,000 
Furnace- Week ee k Produc 

per Furnace-Week) ° 1,780 937 1-9 


* Effective Capacity is the output expected in period given normal operating 
conditions of raw materials, fuel and maintenance. This will be less than the 
theore tical capacity. 

+ Availability is the average proportion of the theoretical capacity operable 
during the period. 

t Utilisation is the output during the period divided by the effective capacity 

(i.e., 100% indicates that nothing occurred to upset supplies and maintenance). 
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national average being 91°, while some works attained 
96-97°/, year in and year out. Such results meant that 
any one furnace was only off production for a total of 
about two weeks in a full year. The average availability 
of the three shops at Sparrow’s Point was 97-5°% or 
50-7 weeks out of 52. Part of the reason for the low 
British figure was the practice of having a “spare ” 
furnace, not normally manned, on which repairs were 
carried out at a slower pace. 

The Americans had the advantage of rich natural 
fuels and consistent raw materials. In matters of 
design, a continuous effort was made to attain higher 
production from existing plants. For example, larger 
uptakes reduced gas velocities despite higher volumes 
due to hard driving. By the introduction of wider- 
aperture checkers and larger-volume slag pockets, 
checker lives could now be measured in years rather 
than months. 

Roof life was “‘ no longer a headache ’’ to American 
steelmakers, because roof patching had been brought to 
a fine art. A length of crown, 50 ft. long by 3 ft. wide 
could be replaced in four hours. Heat input was not 
limited nor charging carried out carefully for the sake 
of roof life. The attitude of the steelmaker could be 
expressed : “‘ O.K., so I burned her down in a month, 
but, oh boy, did she tick! Now get cracking.” The 
additional output achieved by hard driving more than 
offset the increased use of refractories. 

Co-operative planning between production staff and 
the mason’s department, and between the masci’s 
department and the other trades and crafts such as 
fitters, riggers and electricians, was the secret of success. 
The unifying force was a real desire by everyone to keep 
all the furnaces working for the maximum number of 
hours in the year. The production men were just as in- 
terested in the repair as those men actually doing the work. 

“The urgency of this situation,” said Mr. Scott- 
Maxwell, “has now become so completely inbred in 
the repair teams in the United States, that during a 
repair they appear to work with the same sense of des- 
peration as a second hand who is trying to open his 
taphole to save a charge which is starting to break out 
through the bottom.” 

Some of the steps that could be taken in Britain to 
improve furnace availability were : 

(a) all shops to work more than 19 shifts per week, if 
possible 21 shifts ; 

(b) the idea of “‘ spare ’’ furnaces should be forgotten 
and all such furnaces manned when raw materials 
are available ; 

(c) quick patching technique of roof repairs to be 
adopted together with higher operating tempera- 
tures ; 

(d) better scrap preparation ; 

(e) development of mechanical aids to quicker repairs 
suitable to British melting shops, such as light- 
alloy roof centres, hanging platforms, brick 
elevators, palletisation, etc. ; 

(f) quicker methods of slag removal ; and 

(g) heavier furnace steelwork, additional water cooling, 
quicker methods of wrecking the furnace. 

In the U.S.A. a top repair, including complete roof, 
front and back linings, uptakes and blocks could be 
carried out in 21 hours, fuel-off to fuel-on. Such fast 
repairs were achieved by concentrating a large labour 
force on the job and ensuring a high degree of detailed 
planning before the work began. 
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TABLE III.—AVERAGE REPAIR FIGURES FOR TWO SHOPS 
OF A CHICAGO WORKS FOR ONE YEAR, 


No. 4 Shop 
(14 furnaces at 
200 tons net) 


No. 2 Shop 
(14 furnaces at 
110 tons net) 


Heats to First Patch .. .. .. «.. 133 107 
Heats between Patches... .. .. 73 59 
Total Heatson Roof .. .. .. .. 419 405 
Area Replaced by Patching (sq. ft.) .. 1,402 1,927 
Percentage of Original Roof Replaced 

by Patching .. .. . oe oe 187 153 
Number of Patches per Campaign... 4-5 6-1 


At Sparrow's Point, for example, a tentative schedule 
was made for six months and each of the 28 furnaces 
appeared twice, either for a general or a quick top repair. 
A general repair took about four days and a quick roof 
repair about 25 hours. Such repair times could only be 
achieved after long practice and the development of 
time-saving mechanical aids which fitted into the 
normal working of the shop. 

A typical manning in an American hot metal shop 
with 12 furnaces of 180 tons capacity would be 
approximately : 


Total Men Men per Furnace 

per Day per Shift 
Masons 70 1-7 
Masons’ Labourers .. 75 1-8 
Wreckers .. .. 68 1-9 


The speaker described the organisation of typical 
furnace wrecking and rebuilding operations. When the 
repair was completed, furnaces were brought up to 
temperature relatively quickly. After a general repair, 
charging would begin about 15 hours after first lighting 
up and the first tap some 27 hours after. 

At the Lachawanna plant of Bethlehem Steel Corpora- 
tion, by paying close attention to heating-up rates, the 
time to tap after repairs had been reduced to an average 
for a year, of 22 hours, with an occasion when 164 hours 
was achieved. Initial warming up was started as soon 
as top repairs were complete, and before bottom repairs 
were finished. Up to 600° F. great care was taken. 


Discussion 


In the ensuing discussion, Mr. G. R. BasHrortH 
(Round Oak Steel Works, Ltd.) referred to the effect on 
availability of the layout of old plant. At his works, 
in the old melting shop with two 90-ton tilting and five 
60-ton fixed furnaces, an availability of 81-2°,, had been 
achieved. In their new plant they had some early 
troubles (which the speaker described) during the first 
two years of operation, but the schedule for 1952/3 
aimed at an average furnace availability of 91-8%, 
with eight general repairs of 11 days and six top repairs 
(not including regenerators) of nine days. Although 
the adoption of the new schedule and improved methods 
was recent, so far out of 11,520 furnace-hours available, 
they had operated 10,416 furnace-hours—90-4%. 

Mr. R. Woarn (Appleby-Frodingham Steel Company) 
commented that the difference between oil-fired and 
gas-fired furnaces was a fundamental reason why 
British repair methods and results must always fall 
short of American. He thought that where a British 
gas-fired furnace had a 10-day repair, compared with 
four days, the best at Sparrow’s Point, four days of the 
difference lay in the design of the furnace. There was 
25% to 50°, extra brickwork to cool down, a 4 ft. to 
5 ft. wall separating the air from the gas system and 
two slag pockets instead of only one. 

Even so, the latest 300-ton furnace general repair at 
the speaker’s works, including ramming in a bottom, 
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taking 140 tons of slag out of the slag pockets, replacing 
air checkers to ground level, and redesigning the block, 
was completed in five days one hour from gas-off to 
beginning to warm up. Sixteen men per shift wrecked 
the furnace and eight bricklayers per shift rebuilt it. 

Mr. A. Provis (Guest Keen Baldwins Iron and Steel 
Co., Ltd.) spoke as one who had worked as a furnaceman 
and mason’s helper in America. He said that co-ordina- 
tion was materially assisted by the equivalent status of 
the shop superintendent and superintendent of masons. 

‘No mere lip service is paid to schedules,” he said, 
“they are attained or, if they are not, somebody is 
blamed for it, and this control works down the line to 
the individual chargehand actually on the job, who is 
given a particular amount of work to do in a particular 
eight-hour shift. The American foreman and charge- 
hand is educated to a sense of responsibility, is willing 
to accept it, and is paid to do so.” 

Additional factors he had found to contribute to 
increased furnace availability figures were : 
(1) the use of basic bricks with particular reference 

to zebra roofs ; 


North Eastern Foundrymen Visit 
Clarke Chapman’s Works 


Azsovut 100 members of the Newcastle Branch of the 
Institute of British Foundrymen accepted the kind 
invitation of the management of Clarke, Chapman & Co., 
Ltd., to visit their foundries on a recent Saturday 
morning. In addition to opening their foundries con- 
siderable enthusiasm was shown by the staff in discussing 
their problems and in explaining how they were being 
overcome, and, at the conclusion of the visit, a very 
substantial lunch was provided for the members. 

This firm was founded in 1864 by Mr. William Clarke 
with the object of manufacturing marine auxiliary 
machinery. In 1874 the works were removed to the 
present site in Gateshead and during that year Mr. 
Clarke was joined by Capt. Chapman, the firm continuing 
to develop in the manufacture of marine machinery, 
particularly ship’s deck machinery. In 1884 the then 
Hon. Charles A. Parsons entered the Company and 
remained with it for five years, during which time he 
developed his turbine, eventually forming his own 
Company in 1889. During this latter period, Clarke, 
Chapman’s began to manufacture electrical gear, which 
still forms a large part of the firm’s activities. In 
addition, however, the firm now makes boilers, colliery 
haulage machinery, conveyors, pumps, pulverised fuel 
plants, ship’s lighting equipment and large reflectors. 

Although this firm is long established, and in con- 
sequence many of its buildings are relatively old, 
manufacturing practices are in line with modern practice, 
indeed, the modern metallurgical and chemical labora- 
tories, which form part of these works would grace a 
much larger works. The foundries, which cover an area 
of 41,310 sq. ft., produce all grades of iron castings to 
B.S. specifications, including austenitic irons, Nicro- 
silal, low nickel and chromium irons, and alloy irons 
containing molybdenum and vanadium. The tonnage 
of metal produced is considerable, one year reaching 
13,884 tons, and when it is realised that the floor area 
used per annual ton of metal is 5-75 sq. ft. in comparison 
with 9 sq. ft. in the United States it will be appreciated 
that output is of a high order. 


(2) the use of super-duty silica bricks ; 
(3) spray guns handled by first helpers for inside 
furnace maintenance in such areas as the taphole 
and both skewbacks, and by masons for plugging 
holes in slag pockets and the regenerator chamber: 
(4) emphasis on efficient checker cleaning and the 
installation of soot blowers under the bearer 
arches and along the flues ; 


(5) a continuous flow of materials to the site when a 
repair job was in progress and a minimum amount 
of piping, beams, bars and any steelwork to 
impede men’s work. 

Mr. Provis thought that production men at the con. 
ference had to see that the efforts of the engineers were 
backed up “ by regarding minutes saved now as more 
valuable than hours later on; by the education of the 
labour force to a sense of urgency ; and by a tendency 
towards a slight over-manning of maintenance forces. 
Perhaps a 1%, overman might be more economic than a 
0-25°, underman when related to greater availability 
and, therefore, productivity figures.” 


The ferrous foundry is equipped with two cupolas, 
48 in. and 30in. in diameter, respectively; a 1-ton 
capacity rotary furnace, and a l-ton capacity surface- 
blown converter. The melting plant in the non-ferrous 
foundry comprises several 200 lb. capacity pot furnaces 
and two larger tilting furnaces. 

It is not surprising that the visit proved both interest- 
ing and informative, and there can be no doubt that the 
members of the firm’s staff, as well as the visitors, 
profited from the discussions which took place in the 
various sections of the works visited. The President of 
the Newcastle Branch expressed hearty thanks, on behalf 
of the members and himself, for the courtesy and 
hospitality extended to them, and for the excellent 
manner in which the visit had been organised. 


Magnesium Elektron, Ltd., at the 
International Magnesium Exposition 


At the International Magnesium Exposition to be held 
in Washington from March 31st to April 2nd, and which 
has been organised by the Magnesium Association, New 
York, Magnesium Elektron, Ltd., will be represented 
together with virtually all their Licensees, both British 
and foreign, on a large stand covering 1,400 sq. ft. 
Not since 1937 (in Berlin) has so comprehensive a display 
of magnesium cast and wrought products been on view. 
This will also be the first occasion on which the individual 
members of the Elektron group will provide a collective 
display. 


Future of the B.I.F. 


Rumovurs that this year’s British Industries’ Fair is to 
be the last are without foundation, and immediately 
the Coronation Fair is over work will begin on the 1954 
Fair, which is to be held in London and Birmingham. 
The Exhibitions Advisory Committee is studying the 
long term question of the best way to organise the Fair, 
but it has already informed the President of the Board 
of Trade of its unanimous opinion that the Fair should 
continue. 
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Modern Electrical Controls 


in a Continuous Aluminium Strip Mill’ 


By P. E. Peck, B.Sc., A.M.LE.E. 
(Industrial Engineering Department, The British Thomson-Housion Co., Ltd., Rugby.) 


The continuous aluminium strip mill at Rogerstone contains examples of nearly all the 
modern processes used in the treatment of strip metal. In this article some of the problems 


oll involved in controlling the drives for the mills and auxiliary lines are discussed. 
a UCH has already been published} about the 
ee: continuous aluminium strip mill at the Roger- 
seal stone Works of the Northern Aluminium Com- 
ms pany, which was completed towards the end of 1950. 
ility In this article, therefore, it is proposed to give only a 
’ brief description of the mill, as a background to the 
consideration of some of the problems involved in con- 
trolling the electric drives. 
The ingot for rolling, either imported from Canada or 
olas, cast in the remelt department, is first scalped to remove 
-ton surface roughness. After pre-heating, it is passed down 
ace- the hot line for successive hot rolling through two 
ous independent reversing mills, followed by two hot-finishing 
1ces mills operated in tandem, being end-sheared and side- 
trimmed in process before being coiled at the end of the 
est- line. After cooling, the coil is transferred to the cold- 
the rolling mill, where it is passed through a three-stand 
ors, tandem cold mill. Subsequent treatment depends on 
the the use for which the sheet is required. Coil intended for 
; of building sheet is passed to the heavy shear line where it Fis. 2-—View of the No. —_ showing = slab on the 
alf is flattened, cut to length and corrugated if required. ; 
and Coil for any other purpose passes on to a slitter, where 
ent it is edge trimmed or slit into strips. If intended for 
circles for holloware, it goes to the circle mill where the In the hot line, whose lay out is — - ~ i. - 
discs are cut on a blanking press. Other material is put thick slabs are rolled down to a a gg hi hh _ 
through the annealing furnace. After annealing, foil Without intermediate reheating. The slabs, which have 
stock is in the condition required by the customer, but #!ready had surface blemishes removed in a scalping 
container sheet is rolled to the required hardness in a ™achine, are heated in continuous push-through type 
) temper mill before being delivered to a continuous-type furnaces, and deposited by a crane-type discharger on 
old light shear line for degreasing, edge-trimming, checking t© the ingoing roller tables of the first r gee + ing: hot mill. 
ich for gauge and quality, cutting to length and, finally This mill has a 35 in. diameter x 96 in. wide rolls, and 
“7 sorting. i . the roller tables on each side of the mill are synchronised 
- From all these processes it is proposed to refer to with the mill control to reduce = a pang 
fe some of the problems invoived in hot and cold rolling, possible scratching of the aap. On t — I “ie 
and in the control of the slitting and shear lines. mill, there is a turntable which permits the slab to 
By turned sideways for broadside rolling in order 4 — 
Ww. ° ; : its width to that required for the final strip, after whic 
al ang the Institution of Electrica] Engineers, Rugby tame len again for all f rolling. 
ve eee of the plant, see Metallurgia, 1950, October, After breaking down in the No. 1 mill (Fig. 2), the 
es oP MOTOR ROOM MOTOR ROOM Fig. 1.—Layout of the hot-rolling line. 
Lo 
ly om 
—=__RunouT} {Taste =— 
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Fig. 3..-Main drive motor and motor generator set for 
No. 1 hot mill. 


material is transferred along the roller table for further 
rolling in a second reversing hot mill, the No. 2 mill, 
from which it passes to a 2-stand tandem hot-finishing 
mill, along a run-out table with cooling sprays, to a 
hot-strip coiler, being sheared and trimmed on the way. 

The drives for the reversing mills are shown in Figs. 
3 and 4. The 2,000 h.p., 40/51 r.p.m. reversing motor 
for No. 1 mill can be seen in Fig. 3 together with its 
synchronously-driven motor generator set. An interest- 
ing feature of the drive for No. 2 mill, seen in Fig. 4, 
is the fact that the 1,625 h.p., 40/51 r.p.m. motor is 
supplied from two separate flywheel motor generator 
sets. This unusual arrangement is due to the fact that 
this mill was originally a hot breaking-down mill, and 
it was found that longer passes were possible without 
overheating the motor. A second set was, therefore, 
added to give the additional flywheel capacity to take 
advantage of this position. 


Reversing Hot Mill Controls 


The chief problem in the control of a reversing hot 
mill is that of making the fields of the generators and 
motors change sufficiently quickly to give the required 
rate of acceleration, retardation and reversal. 


This is 


Fig. 4.—-No. 2 hot mill main drive motor and its two 
flywheel motor generator sets. 
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due to the high inductance of the field winding and its 
linked circuits, and what is known as field forcing js 
used to overcome this difficulty. 

Fig. 5 shows how this is effected in this particular 
case. It will be seen that the generator exciter which 
supplies the generator field has two field windings, one 
of which is fed from (and under the control of) the 
master controller, with something like three or fow 
times the required ampere turns to maintain the final 
generator voltage. This causes the generator field to 
increase very rapidly, but it is finally checked and main. 
tained at the required value by an opposing differential 
field, which is connected across the generator and 
excited proportionally to the generator voltage. This 
is a simple and effective scheme and gives quite good 
reversal times. 

Turning to the control of the motor field, a similar 
principle is used, but in this case the forcing is obtained 
directly by a differential series winding on the motor 
exciter carrying the actual field current. The machines 
for these mills have quite a short speed range on field 
control (40/51 r.p.m.) and two steps of field weakening 
are considered adequate. 


The diagram also shows the means used for matching § 


the speed of the tables to that of the mill. This cannot 
be done by a straightforward voltage control, as increase 
of the mill speed by field weakening does not involve 
any change of the generator voltage. The speed of the 
tables is, therefore, arranged to be equal to that of the 
mill at full speed, when the table motors have reached 
the full mill voltage. At speeds less than full speed, the 
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Fig. 5.—Diagram of reversing hot mill controls. 


speed of the tables is reduced by means of two table 
boosters which have one field arranged to provide a 
voltage dependent upon the excitation of the mill 
motor, yet at the same time proportional to generator 
voltage, so that as the generator voltage grows the 
bucking voltage also grows. A second field on the 
booster is connected through reversing contactors to 
draft compensation rheostats, so that the speed of the 
tables on the ingoing side of the mill is reduced and that 
on the outgoing side of the mill slightly increased to 
compensate for the change in speed of the material due 
to the draft of the mill. These rheostats also provide 
compensation for roll-diameter variations. 

One further detail to be considered is the control of 
the turntable. The two halves of the table are separately 
driven and their motors fed through separate boosters. 
For normal operation, these boosters are suicided and 
the tables run in synchronism with the other mili tables. 
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Operation of the turning rheostat in the pulpit, however, 
excites the boosters in opposite directions, with the 
result that at one side the rollers are speeded up and at 
the other side slowed down. (Alternatively, if the mill 
is at rest, the two sides rotate in opposite directions and 
this causes the slab to rotate.) 

When rolling is completed, the slab continues to the 
transfer table and changeover contactors switch the 
feed of this motor to the table-motor circuits for the 
following mill. Accelerating contactors in series with 
the transfer-table motor enable this to be done on the 
“fly.” This transfer is brought about by means of 
control switches in the mill-pulpit desks, which also 
permit various other sections of table to be cut in or out 
at the will of the operator. 


Fig. 6..-Tandem hot-finishing mill and its 700 ft. run-out 
table. 


Two-Stand Tandem Hot Mill 


After rolling in No. 2 mill, the strip proceeds to two 
stands in series, in each of which it receives a single 
reduction and emerges in its final hot-rolled state to 
proceed along the 700-ft. run-out table (seen in Fig. 6) 
to the coiler. 

The main requirement of a hot-finishing mill of this 
sort (Fig. 7), is that the speed of the stands should be 
maintained within reasonably close limits to avoid 
breaking the material due to pulling, on the one hand, 
and to prevent the formation of a loop between the 
stands, on the other. Such loops as are formed when 
setting up the mill are taken up and held steady by 
means of the looper roll until the speed of the outgoing 
stand can be corrected. 

The first stand is driven directly by a 3,000 h.p., 
48/96 r.p.m., D.C. motor (Fig. 8), and the second stand 
by a 2,600 h.p., 200/400 r.p.m., motor which drives 
through a 1-57: 1 reducing gear. Provision has been 
made for the addition of a preceding and succeeding 
stand to this section of the mill at a later date, and this 
section of the plant is very similar to that adopted in 
the most modern plants for rolling hot steel strip. 


Tandem Cold Mill 


Coils from the hot-strip mill, after cooling, are taken 
to a three-stand tandem cold mill (Fig. 9) for cold 
rolling. This is a 66in. wide mill with a maximum 
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Fig. 7.—Close-up view of the tandem hot-finishing mill, 
showing the looper roll between the stands. 


output speed of 2,100 ft./min., the finished material 
being coiled on a tension reel which can take coils up 
to 4,000 Ib. in weight, Fig. 10. 

Each stand is separately driven by a 2,690 h.p. 
double-unit motor, the first stand being driven through 
a reduction gear and the other two stands direct. The 
reel is driven by two duplicate 400 h.p., 400/1,000 r.p.m. 
motors. 


Tandem Mill Control] Scheme—Main Circuits 


Fig. 1] shows the basic arrangements and main circuit 
of the mill, but before discussing the details some of the 
problems involved in the cold rolling of strip will be 
considered. The gauge of the outgoing strip may be as 
low as 0-01 in., and it is obvious, therefore, that very 
small inaccuracies will have a relatively large effect 
upon this thickness. During the process of rolling, the 
strip is being reduced in three separate stands, and the 
speed relationship between these stands must be main- 
tained within very close limits. The strip is rolled with 
tension between stands, and any variation of this tension 
will result in a difference in the reduction in the strip, 
even if the settings of the rolls are not altered. This 
also applies to the tension maintained in the outgoing 
strip by the tension reel, which is further complicated 


Fig. 8.—Hot-finishing mill motors. 
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Fig. 9..-Tandem cold mill. 


by the fact that as the coil builds up the speed of the 
reel has to decrease to maintain constant linear speed of 
strip. On top of all this the mill has to be accelerated 
from the speed at which the material is threaded through 
it, up to the required rolling speed and finally retarded 
again as the end of the strip passes out to the reel. 
This means that during acceleration and retardation, 
in addition to the torque required to reduce the metal 
between the rolls and maintain the tension between the 
stands, more or less torque is required to compensate 
for the inertia of the moving parts. Thus, during 
acceleration and retardation there are two effects tending 
to make the strip go off gauge, one due to the change in 
the speed of rolling and the other due to these inertia 
forces tending to unbalance the tension between stands. 
The tension exerted by the reel is also affected by the 
inertia of the reel motors and the coil itself. 

The main circuits for the mill are shown in the bottom 
half of the diagram, and it will be seen that all the 
machines are fed from common busbars supplied by 
three generators in parallel, the latter incidentally being 
driven by a 10,000 h.p. synchronous motor. It will be 
noted that in series with each mill motor and each reel 
motor is a series booster, and it is through these machines 
that the various special control features are introduced. 


Fig. 10.—Output side of tandem cold mill showing tension 
reel. 


The whole mill is accelerated and retarded by variation 
of the generator voltage by means of a master rheostat 
controlling the fields through a regulating exciter 
Amplidyne and a main generator exciter. 


Tandem Mill Control Scheme—Stand Controls 


Turning now to the control for a single stand, Fig. 12 
the diagram shows in a simplified form how the various 
controls are introduced. 

The coarse setting of the motor field is adjusted by 
means of a motor-operated rheostat, and fine adjustment 
is provided through a small buck boost exciter from a 
rheostat mounted in one of the mill-stand cabinets, 
This exciter is differentially connected to ensure quick 
response, and its presence as an amplifier enables a small 
enough rheostat to be used for mounting in the control 
cabinet. 

The main series booster is excited by the booster 
regulating exciter, an Amplidyne-type machine with 
several field windings through which the different control 
signals are introduced. 

Stabilising and Speed Adjustment.—This field is fed 
from a stabilising transformer connected across the 
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Fig. 11.—-Layout and main circuit of tandem cold mill. 


regulating-exciter armature, but it is also used for 
giving momentary speed control to correct quickly the 
formation of a loop, or the building up of excessive 
tension while the relative stand speeds are being 
adjusted by the motor-field controls. This is only 
provided on the first and last stands, the second stand 
being regarded as the master. 

Inertia Compensation.—This field is fed through a 
condenser from the voltage across the mill motor and is, 
therefore, only sensitive to changes in this voltage. 
During acceleration, when the voltage is rising, the 
signal is in such a direction as to cause the booster to 
boost the main generator volts and increase the current 
flowing through the motor armature. The amount of 
this signal is governed by a faceplate on the mill-motor 
coarse rheostat, so that the correct signal is obtained 
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whether the motor is running up to base speed, full 
, or any intermediate speed. 

“IR Drop” Compensation.—This field compares the 
yoltage across the booster with the drop across the mill- 
motor compole and compensating winding and series 
field, and is so connected that the booster tends to 
compensate for the resistance drop through the motor. 
The amount of this compensation can be adjusted 
according to whether the mill is to run “hard” or 
“ soft.” The IR drop compensation helps to take care of 
the variation of speed due to a dissimilar current in the 
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Fig. 12.—Diagram of tandem mill stand control. 


various motor armatures, and is particularly important 
during acceleration and retardation. 

Taper Tension.—As already explained, the tension 
between stands must be decreased as the mill accelerates, 
and increased as the mill retards, to counteract the 
tendency for the strip to go off gauge. The control 
signal to correct for this effect is obtained from a further 
field on the booster regulating exciter, fed from a face- 
plate on the main voltage control rheostat and so con- 
nected as to tend to slow the No. | stand motor down 
and speed the No. 3 stand motor up, by an amount 
dependent upon the speed of the mill. The effect is 
reduced to zero at full voltage on the busbars. Small 
rheostats on the cabinet enable this effect to be adjusted 


or cut out altogether. 


Tension Reel Control 


As already explained, the problem here is to maintain 
constant tension in the strip as the diameter of the coil 
increases on the reel mandrel. It will be clear that what 
is wanted from the reel motor is constant power and not 
constant torque, because as the strip speed remains 
constant and the tension remains constant, therefore, 
the power required remains constant. But the torque 
required has to rise, and the immediately obvious means 
of control is to strengthen the motor field in proportion 
to the increase of diameter of the coil. Fig. 13 shows the 
reel motor fed from the main busbars and again having 
in series with its armature a booster, the latter having 
two fields, one excited by a further Amplidyne, RBBE, 
the other being excited proportionally to generator 
volts and the setting of the Stand 3 motor-field rheostat, 
so that the reel-motor field control has only to deal with 
coil build-up. 

Tension Control.—The current through the reel motor 
is measured by means of a resistance shunt and amplified 
by an amplifying generator AG. If the current exceeds 
a certain value, the voltage of AG exceeds the voltage 
tapped off from the tension-setting rheostat, and 
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Fig. 13.—Diagram of tandem mill reel control. 


current “ spills over ’”’ through the RBBE field to excite 
it in such a direction as to strengthen the reel-motor 
field. 

Next to the tension-control field is the bias field, 
which is energised as soon as the reel is started up, in 
such a direction as to cause the reel buck boost exciter 
to tend to weaken the reel-motor field so that, initially, 
before tension is applied or the strip fed to the reel, the 
reel motor tends towards the weak field condition. 
During threading, however, the actual reel-motor speed 
is held to the required value by the speed-matching 
field. 

Speed-Match and Limit.—With the contacts in the 
thread position, the speed-matching field compares the 
voltage between the reel tacho-generator and the motor 
tacho-generator and if the reel tacho-generator voltage 
exceeds that of the motor, current flows to strengthen 
the reel-motor field and slow the reel down ; this avoids 
snatch as the reel takes up the strip. On moving over 
to run, this field acts purely as a limiting field to prevent 
the reel-motor field from being reduced below the 
minimum weak field value. 

Inertia Compensation.—To compensate for the extra 
current required to maintain tension when the reel is 
accelerating, or the reduced current required to maintain 
tension when the reel is retarding, the signal to the 
amplifying generator is modified by a certain amount, 
according to whether the accelerating or retarding 
contactor is closed to operate the master rheostat. 


Fig. 14.—Sheet slitting line in operation. 
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Fig. 15.—Diagram of drive for slitting line. 


Inching.—The reel booster is also used for inching the 
reel motor independently of the mill, in which case the 
contactor RJ is closed and the field across the reel 
buck boost exciter disconnected and fed by a suitable 
voltage. 

The effect of this field across the RBBE during reeling 
is first to control stalled tension and, secondly to change 
gradually the booster voltage in such a way as to assist 
the tension control and reduce the range of armature 
current required to increase the field current from the 
weak-field to the full-field value. 


Slitting Line 

The purpcse of the slitting line (Fig. 14) is to trim the 
edges cf the strip from the tandem cold mill, slit it into 
scparate wid‘hs, and recoil it. The maximum width of 
strip is 56 in. anc the coil from the tandem mill is placed 
on an unccil r mandrel, passed through pinch rolls to 
the slitter, and threugh further pinch rolls to two 
spcrate coiling machincs where it is wound on steel 
formers. One of these coilers can coil up to the full 
wicth of the material if it is not required to slit it, or 


Fig. 16.—Temper mill. 


Fig. 18.—Temper mill motor-room. 


carry two coils if it is desired to slit the strip into three. 

On the face of it, the drive would appear to be fairly 
simple, but the means of control is worth considering. 
As can be seen from the diagram, Fig. 15, all the machines 
are fed from a common generator and their speeds 
raised or lowered together by voltage control. Constant 
tension must be maintained on the coilers as the coils 
build up, and at the same time constant back-tension 
must be maintained on the uncoiler as the diameter of 
the coil decreases. Furthermore, the tension on the two 
coiling machines may be different. 

Balancing the coiler tension directly against the 
uncoiler tension cannot be satisfactorily effected as the 
slightest inaccuracy would result in the whole line either 
gradually speeding up or gradually slowing down. The 
outgoing pinch roll is, therefore, made the master to 
maintain constant speed. The pinch-roll motor is a 
separately-excited shunt machine with fixed excitation, 
and its current is used to regulate the field of the 
uncoiler motor so as to maintain the pinch-roll-motor 
current constant. As the two coiler motors have their 
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own tension control arrangement to 
maintain their own armature currents 
constant, this means that the uncoiler 
machine will always operate to balance 
the tension of the two coilers, apart 
from such differences as are introduced 
by the pinch roll and slitter, which are 
relatively small. 


Cut-Up and Classifier Lines 


After leaving the slitting line, the 
strip is annealed in a furnace and is 
then subject to temper rolling in a 
single stand temper mill (Fig. 16), for 
which the controls are very similar in 
many respects to those for the tandem 
mill, except that there is only a single 
stand, and both the uncoiling and 
winding reels have tension control, 
correct front and back tension being 
a very important factor in temper 
rolling. Control of the mill is from 
cabinets mounted on the mill stand, as 
seen in Fig. 17, the machines being in a 
motor room (Fig. 18). 

After temper rolling, the strip 
proceeds to the cut-up and classifier line or light 
shear line, where it is cleaned, cut to length and 
classified according to gauge. A general view of the 
line is shown in Fig. 19, and here again there are some 
interesting control problems of quite a different 
nature. The diagram, Fig. 20, shows that from an 
uncoiler the strip passes to a welder, through a 
washer which removes the oil and grease left from 
rolling, to a flying shear, and is finally piled after 
passing over a series of conveyor belts, with deflector 
gates so that off-gauge material can be piled separately 
from correct gauge sheets. The welder is used for 
connecting one coil to the previous one so that material 
passes continuously through the washer. 

To ensure that there is no tension on the ingoing side 
of the shear, and also to control the speed of the uncoiler 
motor as the strip unwinds, loops are provided on each 
side of the washer, the loop of material being arranged 
to interrupt the light falling on two photo-electric cells 
which adjust the controls to maintain correct strip speed. 
The whole line is accelerated from rest and brought to 
rest by voltage control from a common generator. 
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Fig. 19.—Cut-up and classifier line. 


The actual loop control is an interesting example of a 
method which is quite simple in comparison with some 
of the controls on the tandem mill, fir exampie, - nd yet 
is perfectly effective for its purpose. Tho final diagram, 
Fig. 21, shows the means adopted for this loop control. 
If the loop is above the upper dotted line, both photo- 
cells are energised and the raise-speed contactor will 
be energised to adjust the rheostat to increas? the 
uncoiler motor speed. An immediate correction is, 
however, provided during this process by a contact on 
the raise-speed contactor inserting resistance in the field 
circuit as long as the rheostat is moving. This results 
in the loop quickly settling down within the limits. 

If the joop is too great, the reverse process takes place, 
and when both photo-cell beams are interrupted the 
lower-speed contactor is energised, and simultaneously 
a portion of the field rheostat is short circuited to 
provide an immediate correction while the rheostat arm 
is travelling. 

During the unwinding process on the uncoiler, the 
tendency will be, of course, for the loop to decrease as 
the diameter of the coil decreases and the control, 
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Fig. 20.—Diagram of drive for cut-up line. 
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Fig. 21.—Diagram of automatic loop control. 
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therefore, operates to increase the speed of the coiler 
motor at regular intervals. The loops also serve to take 
care of any variations which take place during 
acceleration. 
Conclusion 

It will be seen that a very wide variety of problems 
have to be met in a plant of this magnitude and, further- 
more, that the electrical applications engineer has to be 
familiar not only with the characteristics of electrical 


of reconstruction and modernisation involving 

an expenditure of £5 million has been in progress 
at the works of Hadfields, Ltd., and reference has 
already been made in MeTaLLurGia to the new heavy 
forge. A further important stage, this time in the 
foundry development plan, was reached recently with 
the first pouring of the 20-ton Birlec Lectomelt direct 
are melting furnace which is to be used mainly for the 
production of high quality steel for castings, and which 
will normally be operated continuously. 

The furnace is located between two bays, so that the 
crane system in one serves the charging operation, 
whilst that in the other bay handles the pouring ladle. 
The installation of the furnace involved the erection of 
a complete melting shop, including two 40-ton electric 
overhead gantry cranes with 10-ton auxiliary hoists, an 
18 ft. l0in. deep pouring pit, an ingot casting pit, a 
pit to contain the scrap charging bucket, the necessary 
house for the transformer, automatic electrode 
control gear and switchgear, and the electrode winch gear. 

The Birlec Lectromelt steel melting furnaces are based 
on the designs of the American Pittsburgh Lectromelt 


D URING the last few years, an extensive programme 


General arrangement of the installation with transformer house and control 
panel on left. 


Arc Melting for the Foundry 
New Birlec Installation at Hadfields 


equipment but also with the behaviour of the rolling 
mills and auxiliary plant in order to provide a satisfactory 
drive. 

In conclusion the author wishes to thank The British 
Thomson-Houston Co., Ltd., the Northern Aluminium 
Co., Ltd., and the Institution of Electrical Engineers for 
permission to publish this paper, and to the colleagues 
who commissioned the drives for their assistance in its 
preparation. 


Corporation which has long experience of building large 
are furnaces. This type of equipment is supplied in Great 
Britain, the British Empire and many other countries 
by Birlec, Ltd., who are manufacturers of an extensive 
range of heat treatment and melting furnaces. 


Furnace Body and Roof 


The furnace shell is cylindrical in shape with a dished 
bottom, and its diameter of approximately 14 ft. and 
other leading dimensions ensure that the furnace pro- 
vides a large area of contact between slag and metal. 
It is constructed of heavy gauge steel plates reinforced 
with structural steel members and, to prevent distortion 
of the shell under heat, a heavy top stiffening bezel ring 
is provided, the ring being water-cooled. The shell is 
lined with metal-cased magnesite tubes. 

Two door openings are provided in the shell, one 
opposite the pouring spout and the other at right angles 
to this diameter, opposite the electrode masts. The 
former door is used for slagging, stage plates being 
removed to allow the slag to be poured or raked into 
boxes below stage level, while alloy additions are 
made through the latter. The door openings are pro- 
vided with vertically sliding doors, 
running in accurate guides and 
operated by push-button pneumatic 
control. 

A robust pouring spout is attached 
to suitable reinforcements on the 
shell, and as with the doors, it is 
designed for easy refractory lining. 

Two roof rings are provided with 
the furnace; they are constructed 
of heavy channel-section steel and 
are built to a larger diameter than 
the furnace shell. The life of the 
skew-back bricks is greatly increased 
by the fact that this feature removes 
them from the heat of the molten 
metal. As a precaution against 
distortion, the roofing is also water- 
cooled. 

The roof is suspended at four 
points from two structural beams— 
an arrangement known as “ four 
point roof suspension ’’ which, in 
this installation, is incorporated for 
the first time on a 20-ton are furnace. 
Roof change is greatly facilitated as 
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The shell interior is lined with metal-cased mag 
bricks. 


the replaced roof can be quickly removed, by unfastening 
the four hoiding screws, and the new one is easily 
located in the correct position so that no trouble arises 
with the alignment of the electrodes with the electrode 


ports. 
Roof Lifting and Tilting Mechanism 


The most notable design feature on this furnace is 
the lift and swing aside roof which enables the complete 
hearth to be exposed for charging or fettling. The com- 
plete furnace roof structure, suspended from the two 
parallel beams, is secured in a massive eye-casting 
which weighs over 10 tons. A vertical hydraulic ram 
engages this eye and lifts the roof clear of the shell. 
The teeth on a horizontal hydraulic ram mesh with teeth 
on the vertical ram so that lateral movement of the 
former causes the latter to rotate and swing the roof 
round sufficiently to expose the hearth completely. 
The drop-bottom bucket containing the charge is then 
lowered into the shell. A tightly-packed charge enables 
the furnace to hold 20 tons without re-charging. As the 
bucket is swung clear, the roof returns to its original 
position and is lowered on to the shell. 

The complete lifting ram cylinder is mounted entirely 
separately from the furnace body, which means that the 
furnace shell is not subjected to severe stresses when the 
roof is lifted, and also prevents the formation of a hot 
spot on the cylindrical body, through impediment to 
uniform heat dissipation. 

All phases of the roof lift and swing mechanism are 
interlocked to ensure correct sequence of operation, and 
to prevent the tilting of the furnace except when the roof 
is in the working position, or the lifting of the roof when 
the furnace is tilted. 

The furnace is designed for a 45° forward tilt for 
pouring and a smaller backward tilt for slagging, 
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The lifting ram mounted at the rear of the furnace; the 
heavy eye casting can be seen with the parallel roof beams 
attached ; one of the tilting rockers is also shown. 


tilting being effected by means of steel rocker trunnions 
gearing into horizontal tracks on either side of the shell. 
An indication of the solid construction is given by the 
weight of the tilting gear, which exceeds 12 tons. The 
tilting rockers are operated by hydraulic rams, oil 
pressure being supplied by a self-contained motor pump 
unit which also serves the roof-lifting mechanism. A 
notable feature of the general design is the removal from 
beneath the shell of all mechanism, thus obviating the 
risk of fouling or of damage due to a metal break-through. 


Electrode Gear and its Control 


Three 14 in. diameter graphite electrodes supplied by 
British Acheson Electrodes, Ltd., are held in water- 
cooled high-conductivity copper clamps and_ project 
vertically through the furnace roof. A special feature of 
the clamp design is the fitting of a pneumatic mechanism 
so that they can be opened and closed by remote control, 
thus enabling the electrodes to be slipped very quickly 
and easily when a new charge is loaded, or whenever the 
electrode height requires adjustment. 

The clamps are mounted on the extremities of horizon- 
tal arms which carry the conductors for electric power 
and cooling water. The arms, which are of rigid con- 
struction and designed to minimise eddy-current losses, 
are connected to the vertical masts by carriages or 
crossheads. The latter are fitted with hardened-steel 
adjustable rollers in anti-friction bearings which engage 
with flat machined surfaces on the masts. In this way 
a smooth up-and-down movement, without lateral play, 
is obtained. The electrode masts are mounted at the 
rear of the furnace shell in the heavy steel eye-casting 
which also carries the roof supporting beams. 

The electrode carriages are suspended on flexible steel 
cables passing over ball-bearing sheaves and leading 
through ducts in the furnace foundations to individual 
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winches, located beneath the melting shop floor and 
driven, through gearing, by D.C. motors rated for 
frequent reversing duty. The winch drums are provided 
with specially designed friction bands over which the 
suspension cables pass to terminate in counter weights. 
An important feature of this furnace installation is 
the incorporation of B.T.H. Amplidyne regulation gear. 
The Amplidyne is a special type of D.C. generator, in 
which the field excitation is controlled from opposed 
voltage and current components of the furnace power 
circuit and produces instantly a corresponding, but 
greatly magnified, variation in the generator voltage 
applied to the winch motors. ‘Thus, the latter are 
energised in proportion to the degree of out-of-balance 
in the furnace power circuit, and the electrodes move 
rapidly to compensate for large changes, and propor- 
tionately more slowly for small variations. The system 
thus provides smooth, stepless movement of the elec- 
trodes, with maximum speed and without hunting, for 
correcting any deviation from desired are conditions. 
This is achieved without the use of relays and gives 
maximum sensitivity and accuracy of control. 


Power Equipment 


Provision of power equipment has been made through 
Birlec, Ltd., by various electrical concerns. ‘The 
Parsons 6,000 kVA transformer operates from a primary 
11,200-volt 50-cycle 3-phase supply and provides eight 
secondary tappings. An on-load tap change switch is 
provided, arranged for off-load operation. Both motor- 
operated push-button control and manual control are 
provided, and an illuminated indicator on the furnace 
instrument panel shows the position of the tapping 
switch. 

In order to withstand heavy current fluctuation, the 
transformer is constructed with specially-braced wind- 
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Rear view of the turnace starting to tilt; the clear space 
beneath the shell can be seen. 


pneumatic electrode clamping gear. 


ings : it is conservatively rated to give an oil-temperature 
rise of 50°C. under continuous full load. The water. 
cooling system is equipped with a temperature alarm 
device to warn the operator immediately of an unsafe 
oil temperature. 

The Reynolle main switch is a metal-clad, 400-amp, 
compound-filled single busbar switch panel. It has a 
rupturing capacity of 150 MVA at 11,000 volts, 3-phase, 
and is arranged for solenoid operation. An interlocking 
relay ensures that the breaker trips whenever the trans- 
former tap change operates, or when any of the 
individual furnace interlocks make contact. 


Control Panel 


All controls and metering are centralised in one black 
Sindanyo control board, which is mounted in the wall 
of the transformer substation and is easily accessible to 
the working area around the furnace. It contains the 
necessary indicating lamps for electrode voltage and 
auxiliary electric supplies, the transformer tapping 
switch indicator, an electric clock, a voltmeter and 
multi-point switch for electrode voltage, an ammeter for 
each electrode circuit, and a meter to show the power 
supplied to the furnace. It also carries the required 
control switches for the electrode winch motors, hand- 
operated rheostats for obtaining the correct arcing 
conditions, and isolators for the auxiliary A.C. and D.C. 
supplies—for instrument operation, etc. A telephone 
on the board connects with the main Hadfield 
switchboard. 


THE theme of the Sixth Annual Conference of Incor- 
porated Plant Engineers, which is to be held at the 
Palace Hotel, Southport, from May 20th to 22nd, will 
be “‘ Management and the Plant Engineer.”’ 
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Some Practical Notes on Casting of Ingots 


for Seamless Tubemaking’ 
By G. Bowmant 


The requirements for, and practical difficulties of, casting killed steel for use in the rotary 
forge tubemaking process are outlined, and the formation of ingot cracks discussed, with 
suggestions as to the cause and possible methods of prevention. The effect of the pipe 
cavity during rolling is illustrated, and it is shown how the ill effects are eliminated by 
the use of straw for hot topping. The occurrence of blowholes and methods of prevention 
are described. 


R. N. H. BACON once said that the pit-side was 
M the ‘“‘ Cinderella of the melting shop. “‘ There 

could be no doubt,”’ he said, “that the casting-pit 
practice had a very important bearing on the measure 
of success achieved by the melting shop, and it was 
probably fair to say that this section of the open-hearth 
plant had not received the attention that its importance 
warranted.” While this statement was undoubtedly 


” justified, it must be said that in recent years steelmakers 
have become more alive to the damage which can be 
done to good steel through faulty casting practice. 
Also, more technical attention and study has been 
devoted to this aspect of steelmaking with the object of 
developing improved techniques. 

wi Since the introduction of seamless tubemaking, the 

we Company with which the author is connected has been 

ee very conscious of the importance of casting practice, and 
= has devoted considerable time and money to the study 
of this subject. However, this work has always been 

P; hindered by the lack of a reliable method of assessing 

de ingot quality by any non-destructive test, the assessment 

*, having depended to a large extent upon the incidence 

ng and type of defects occurring on the rolled or forged 

¥ product and, since certain defects can occasionally arise 
( from faults in these processes themselves, this method 
of assessing the value of variations in casting practice 
has its limitations. It is considered fair to say that 

k while steels have a variable tendency to tear during 

fT forging, variations in forging practice can result in a 

" varying tendency to tear the steel. Therefore, to assign 

" the responsibility for certain defects is sometimes 

d extremely difficult, if not impossible. If this method of 

g assessment is being used, it is undoubtedly necessary to 

d study the particular forging process involved in con- 

" junction with the steelmaking and casting practice. 

> Although the author and his associates have, of 

j necessity, used this method of assessment extensively, 

’ for the reasons given, the present paper is confined to 

‘ items of work where the results could be more definitely 


measured. The investigations reported concern the 
casting of ingots for seamless tube manufacture by the 
rotary forge process, as practised at the Clydesdale 
— and Tube Works of Messrs. Stewarts and Lloyds, 
td. 
The steel plant has a capacity of approximately 3,250 
tons per week, and the entire tonnage is devoted to 


* Paper presented at a meeting of the West of Scotland Iron and Steel Institute 
on 20th February, 1953. 
t Of Stewards and Lloyds, Ltd. 
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killed-steel ingots suitable for direct processing in the 
tube plant. The steels vary in composition from 0-1%, 
to 0-45% carbon and from 0-4% to 1-3°%, manganese. 
The ingots, which are all cast uphill, are of the round 
fluted type, and vary in diameter from 7} in. to 214 in. 
The weight in each diameter varies considerably, since 
the ingots are cast to suit the length of tube ordered, 
because there is no intermediate rolling process ; overall, 
the ingot weight may vary from 5 ewt. to 50 ewt. In 
view of the absence of any opportunity to dress or 
desurface after intermediate rolling, the maintenance of 
a high quality of cast ingot is essential. When this is 
considered in conjunction with the wide range of sizes 
and weights to be dealt with, it will be appreciated that 
the casting problem involved is somewhat different from 
that which presents itself in the normal steel plant. 
Consequently, more than usual attention has been paid 
to casting practice for many years, and special facilities 
have been provided in order to maintain the high 
standard of ingot necessary for this type of tubemaking. 

Casting is carried out in separate buildings at right 
angles to the melting shop, with the object of avoiding 
contamination as far as possible. These buildings are 
provided with sunken casting pits and the ladles are 
brought from the melting shop in ladle cars which run 
over the pits. After each cast, the moulds are trans- 
ferred to other buildings where facilities are provided for 
examination, cleaning and coating. After cooling, each 
individual ingot is examined carefully and, when 
necessary, dressed. 

In the course of day-to-day checking of quality, both 
in tube and steel plants, interesting features of this type 
of ingot have been observed, and, in certain cases, have 
led to experiments aimed at improving quality. The 
object of this paper is to describe some of these features, 
and to show how they are affected by experimental 
changes in practice; also, to indicate the conclusions 
which have been drawn from the experiments. 

Teeming speed is undoubtedly of paramount impor- 
tance, and it is proposed to make some general comments 
on its effect before dealing with the more detailed points 
grouped under the following headings: (1) cracking, 
(2) cavitation and crusting, and (3) porosity. 


Teeming Speed 


As has been stated, all the ingots concerned are 
teemed uphill. The moulds are filled in groups, each 
group being located on one large bottom plate and fed 
from a central feeder into which the molten metal is 
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poured from the ladle. Depending on the size of ingot 
being cast, a 70-ton heat may be spread over anything 
from six to 12 plates, and the total time of teeming may 
be as high as 50 minutes. Obviously, if an ordinary clay 
nozzle were used and the same number of moulds were 
set on each plate, the variation in teeming speed from 
the beginning to the end of the cast would be enormous, 
and the consequences would be disastrous. 

It is customary to use a composite type nozzle, the 
upper portion of which is magnesite and the lower 
portion fireclay. The internal diameter of the two 
sections can be varied, but normally the magnesite is 
} in. larger than the fireclay. In this way the variation 
in rate of discharge from the nozzle is minimised. A 
wide range of nozzle sizes in } in. steps is available, so 
that the teeming speed can be adjusted to suit all ingot 
diameters. 

Variations in the rate of discharge from the nozzle can 
be compensated for by varying the number of moulds 
set per plate, and the same method can be used, when 
different diameters of ingot are being cast from the same 
ladle, in order to obtain the most suitable teeming speed 
for each diameter. This method is used frequently in 
experimental work for obtaining a few ingots cast at 
other than the standard speeds. It will be appreciated 
that with this practice the rate of discharge from the 
nozzle does not bear a constant relationship to the rate 
at which the metal rises in the moulds. The rate of rise 
is the important factor: it is measured directly in 
* inches per minute ” and is referred to in these terms. 

Within reasonable limits, the higher the teeming speed 
the better the ingot in all but one respect, namely, the 
incidence of cracking. This has been proved beyond any 
shadow of doubt and, of course, the effect of teeming 
speed on ingot cracking is well known. It is easy, 
therefore, to determine the optimum teeming speed for 
any size of ingot ; it is the maximum speed at which the 
losses due to cracking remain within economic bounds. 

Until a few years ago, the tubemaking process neces- 
sitated the use of round ingots, which are more prone to 
cracking than any other shape. Immediately develop- 
ments in tubemaking made it possible, a twelve-sided 
fluted design, as shown in Fig. 1, was adopted, and the 
standard teeming speeds increased. 

Apart from one major advantage from increased 
teeming speeds, to be dealt with later, improvements 
arise in the following respects :— 

(1) there is less danger of momentary arrests in the 
rising metal and the resultant lapping or rippling 
of the ingot skin: 


Fig. 1.—Twelve 

sided fluted 

design of .ingot 
mould, 


(2) there is less tendency for eroded refractory to be 
trapped in the skin of the ingot ; 

(3) the chill zone is much cleaner and less pronounced. 

(4) there is less segregation in the columnar zone, due 

presumably to the greater washing action of the 
faster flowing metal ; and 

(5) the ladle emptying time is reduced with a conse. 

quent reduction in lining wear. 

It is, therefore, inevitable that the aim must still be 
“higher teeming speeds”’ and, since cracking is the 
limiting factor, some consideration has been given to the 
mechanism causing this defect. 


Ingot Cracking 


The photograph shown in Fig. 2 illustrates the type 
of longitudinal ingot crack involved. It was decided 
that an attempt should be made to determine when 
longitudinal ingot cracks occur, as existing knowledge 
was limited to the fact that such cracks are usually 
visible when an ingot is stripped. The procedure adopted 
was to fill at about four times the normal teeming speed 
and to use a round mould so that there would be a very 
strong cracking tendency. In addition, a tangential 
runner entry was used so that the rising metal swirled. 
In this way an inverted cone formation was maintained 
on the surface, thus ensuring that slag and refractory 
material would be kept away from the mould/steel 
interface and so avoid entrapment in the chill layer. 
The diameter of the mould used was 123? in., and the 
ingots cast weighed approximately 12 ewt. 

It was found that the mould could be stripped quite 
quickly provided the runner entry was not disturbed, 
otherwise bleeding took place at that point. The time 
from the finish of teeming to stripping the mould was 
reduced on each succeeding trial, but always the ingot 
was found to be cracked, even when that time was 
reduced to as low a figure as 40 seconds. This established 
one fact not previously known, namely, that the crack 
occurred almost immediately teeming was completed, 
and the total time taken to fill the mould did not 
exceed one minute. 

The following points were observed in all cases: (1) 
no bleeding occurred ; (2) there was distinct necking at 
the crack ; and (3) the cracks always occurred in a hot 
longitudinal band between two cooler bands. It was 
concluded that the cracks were caused by circumferential 
stresses set up by the contraction of the two cooler 
bands which caused the ingot skin in the hot band to 
neck and ultimately break. 

Consideration was given to the possible cause of the 
very uneven cooling, and when it was found that the 
mould was } in. out of round, it was thought that this 
might be causing exaggerated partial contact along the 
cooler bands. The mould was machined to a true round 
but the same phenomenon continued to occur. 

Numerous methods of combating the uneven cooling 
were tried, but only two were found practicable, and 
these were both based on reducing the rate at which the 
molten metal was chilled. The first was to pre-heat the 
mould, the average temperature being increased in each 
succeeding trial. Only when a temperature of 250° C. 
was reached was an ingot made free from cracks. This 
was repeated several times and the results confirmed 
that cracking could be avoided by the use of hot moulds. 

The other method used was to line the mould with 
template paper and so reduce the rate of heat transfer 
from ingot to mould. Ingots free from cracks were 
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made by this method on several occasions. In all cases 
the ingots were stripped between one and two minutes 
after finishing teeming and, although there was still 
evidence of uneven cooling, the temperature difference 
between different parts of the ingot was of a much lesser 
magnitude than when unlined moulds at the normal 
temperature were used. 

These experiments seem to have established the follow- 
ing interesting facts : 

(1) that ingots of the type used can be stripped almost 

immediately after filling ; 

(2) that the type of cracking being studied occurs 

either during filling or immediately afterwards ; 

(3) that under normal casting conditions the tempera- 

ture differences found on the ingot surface are 
very great ; 

(4) that the cracks occur in the slower cooled bands of 

the ingot; and 

(5) that reducing the cooling rate of the ingot skin 

results in more even cooling and inhibits ingot 
cracking. 

It might be suggested that the phenomena observed 
in these experiments were associated in some way with 
the swirling of the rising metal which resulted from the 
use of a tangential entry. While this cannot be confuted 
from the evidence available, the author does not believe 
this to have been the case, and considers that it was 
important to use this method and so avoid the danger 
of any entrapped material affecting the cracking 
tendency. 

The intervals between finishing filling and stripping 
were much shorter than might have been anticipated 
from a study of the existing literature. It might be that 
the relatively light ingot used had some influence in this 
connection, and that the mould was stripped before 
complete separation had taken place. Nevertheless, any 
remaining partial contact must have been very slight to 
allow removal of the mould without transverse rupture 
of the ingot skin. 

The results of previous work have always led to the 
recommendation that the rapid formation of a thick 
chilled skin should be encouraged in order to resist the 
bursting effect of the ferrostatic pressure from the still- 
molten interior, and the localised stresses that might be 
set up in the later stages of cooling. However, in the 
ease quoted, cracking took place at a very early stage 
without any sign of bleeding, which suggests that such 
cracking does not result from internal pressure ; in fact, 
in previous work where bleeding has occurred, it does 
not necessarily mean that the crack has resulted from 
such internal pressure. Nor is there any confirmation 
that a thick chill zone counteracts localised stresses, and 
it may well be that the crack has taken place before the 
chill zone is completely formed. 

Earlier experience led the author to favour the theory 
that partial contact was the cause of cracking, due to the 
tension set up between two points where the ingot skin 
continued to adhere to the mould after the intervening 
portion had separated. The fact that slower cooling 
prevented cracking might be claimed to support this 
theory, if the slower cooling encouraged the ingot to 
separate from the mould in a more regular manner. 
However, it is doubtful whether the ingot skin ever 
adheres tightly enough to the surface of the mould to 
set up the necessary tension unless there are irregularities 
such as crazy cracking on the mould wall. The author is 
of the opinion that the type of longitudinal cracking 
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Fig. 2.—Longitudinal ingot crack. 


under consideration is entirely due to uneven cooling of 
the ingot skin immediately after casting, and that the 
cure must be found through improved methods of con- 
trolling this factor. The experiments suggest that this 
might be achieved by reducing the rate of chilling by 
some method suitable for production practice. 


Cavitation 

When considering the freezing of a killed-steel ingot, 
one thinks of the effect of the inevitable pipe cavity. 
Invariably the shape, depth and accompanying segregate 
are taken into account when the amount of discard from 
the rolled product is being estimated. In the normal 
cogging practice, the extent to which the cavity and 
segregate exist in the bloom determines the amount to 
be discarded at the shears. Thus, every attempt is made 
to minimise the dimensions of the pipe cavity, particu- 
larly the depth within the ingot. For this reason, hot 
topping is practised extensively and in a large variety 
of ways, many of them comprising specific designs of 
refractory tops for moulds. 

In the rotary forge practice, the pipe cavity is also an 
important factor. In casting ingots for this method of 
rolling it is impossible to use the refractory hot topping 
system owing to the varying ingot lengths which are 
necessary in casting for tube orders. Also, the approach 
to the cavity problem is slightly different. The length 
of cavity is not so important for this purpose as it is in 
the case of the cogging mill, but the cross-sectional area 
isimportant. For normal cogging, there is no mechanical 
method for compressing the length of the cavity and 
the cross-sectional area is relatively unimportant. For 
rotary forging, the cavity can be compressed adequately, 
provided the cross-sectional area is small enough to be 
covered entirely by the piercing punch. This is illus- 
strated in Fig. 3. Fig. 3a shows a killed ingot teemed 
normally and having the usual top bridge and one 
secondary bridge across the pipe cavity. Fig. 3b 
illustrates the result of the pre-piercing operation, show- 
ing the compression of the cavity, with two lines of 
segregate indicating the new position of the cavity 
bridges. Fig. 3c shows the result of the next operation 
which elongates the piece and, of course, the lines cf 
segregate, which do not weld. Fig. 3d shows the 
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(b) After pre-piercing. 


discard necessary. 


(a) Original ingot. 


finished tube, in which two points are indicated by 
dotted lines: (1) the normal hot-saw cut, and (2) the 
further discard required to remove the segregate. The 
point at which the normal saw-cut is made is determined 
purely by tube-making practice. The thick walled end 
of the tube shown in Fig. 3d is called the “ bell end ” : 
this has to be discarded and the normal cut is med» so 
that only the thickened portion is removed. The normal 
type of ingot frequently gives rise to unsoundness beyond 
this point, as shown diagrammatically in Fig. 3d and in 
the sulphur print Fig. 4. When this occurs, a further 
discard is necessary. 

In considering how this loss could be avoided, it was 
thought that if the bridges, particularly the thick top 
bridge, could be eliminated, any unsoundness would be 
concentrated still nearer the end of the pre-pierced 
ingot shown in Fig. 3b, and so have less tendency to 
spread along the tube. This suggested that some form 
of hot topping was the possible remedy, and experiments 
were made with various materials ranging from anti- 
piping compound to circular pads made from different 
substances. The most efficient method to give an open 
cavity was found to be a circular pad made by com- 
pressing the residue from the effluent from paper works. 
These pads were made in hydraulically-operated dies, 
dried in ovens at controlled humidity, and dropped into 
the moulds before teeming commenced. 

Trials using these pads gave the desired reduction in 
crop loss, and Fig. 5 repeats the diagrams in Fig. 3, but 
illustrates the effect of the open cavity. In this case, 
the heavy segregate at the base of the cavity is com- 
pressed to the end of the ingot after pre-piercing. Thus, 
in cutting at the hot saw, the segregate is removed 
completely. as illustrated by the sulphur print in Fig. 6. 

During the course of these experiments it was found 
that the quality of the raw material for making the pads 
varied considerably, and, consequently, the mechanical 
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Fig. 3.—Effect of closed pipe cavity in normal type 
ingot on the quality of the tube rolled from it. 
left-hand dotted line in (d) indicates the normal hot 
saw cut, which does not clear the defective material. 
The right-hand dotted line indicates the extra 


Fig. 4.—Sulphur print of ‘‘ bell end ’’ of steel tube made from normal ingot. 


(c) After elongating. 


The 


(d) After rolling. 


strength and drying properties were variable. Also, it 
was found that the pads absorbed moisture during 
storage, and the generation of gases from this source 
during teeming was undesirable. A second effect of 
this moisture absorption was the tendency for the pads 
to disintegrate during teeming and for pieces to become 
embedded in the ingot. 

While these disadvantages were not serious enough to 
rule out the possible use of pads on a production scale, 
the search for other materials was continued. One 
possible substance was straw, the use of which was 
referred to in an article in the December, 1951, issue of 
Blast Furnace and Steel Plant. Preliminary experiments 
using a few pounds of straw packed loosely into the 
moulds prior to teeming gave promising results, but it 
was found advisable also to place loosely-fitting steel 
plates over the moulds in order to retard the burning 
of the straw. 

The straw began to burn immediately the molten 
metal entered the mould, and the heat generated in this 
way appeared to be sufficient to keep the top surface of 
the metal molten during teeming and for a short time 
afterwards. The burnt residue from the straw acted as 
an insulator and assisted in this direction so that the 
fluid steel could sink back to form the contraction 
cavity and produce an open-topped ingot as shown in 
Figs. 7 and 8. 

A large-scale trial was carried out to compare ingots 
cast in the normal way with ingots cast with pads and 
others cast with straw. As might be expected, the use 
of straw on this larger scale revealed several difficulties, 
such as ignition of the straw by sparks prior to the 
commencement of teeming. Consequently, all the ingots 
obtained were not as perfect as the examples which have 
been shown. Nevertheless, the great majority were 
substantially open topped and considered suitable for 
the trial. 
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(a) Original ingot. 


\(b) After pre-piercing. 


(c) After elongating. 


Fig. 5.—Improvement effected by the use of ‘‘ hot- 
top pads *’ which result in an open pipe cavity. 
The segregate at the base of the cavity is compressed 
to the end of the ingot as shown in (b), and the 
normal hot saw cut clears the defective material. 


(d) After rolling. 


Fig. 6.—Sulphur print of ‘‘ bell end ’’ of steel tube made from ‘“ hot-top ’’ ingot. 


These ingots were rolled in mixed batches and a careful 
check was made on all additional cropping which was 
required after the normal tube “ bell end ’’ was removed. 

These additional cuts were measured and converted to 
a percentage of the ingot weight. This can be considered 


as a scrap loss which might otherwise have been good 
tube. The losses on each batch of ingots in the different 
categories is shown in Fig. 9, from which it will be seen 
that the open-topped ingots, either from pads or straw, 
resulted in a saving of approximately 1%, which is 
appreciable under present-day conditions. 


Crusting 


Reference was made earlier to a major cause of defects 
which was associated with teeming speed. This 1s 
frequently referred to as “crusting” and consists of 
deoxidation products and eroded refractory rising to the 


Fig. 7.—-Cavity in open-topped ingot. 
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surface of the metal, oxides resulting from oxidation of 
the exposed top surface and frozen steel. Anyone who 
has had experience in uphill casting will have seen this 
and know how it tends to migrate towards the mould 
wall and how it can, on occasions, be trapped in the rising 
metal. This crust, or skull, gradually increases in size 
as the metal is rising, so that the greatest danger of 
entrapment is near the top of the ingot. It will be 
appreciated that a piece of this trapped in an ingot must 
give rise to a comparatively serious defect in the final 
product. 

Such defects in cold ingots are not too obvious and 
may easily be missed. They are, however, associated 
with a slight lap which although apparent on the ingot 
surface does not look like a serious defect ; an example 
of this is shown in Fig. 10. Ingot inspectors must 
suspect all laps and examine them further with the use 


Fig. 8.—Sulphur print of longitudinal section of open-topped ingot. 
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LOSS DUE TO EXTRA CROP PER CEN! 
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NUMBER OF INGOTS 
Fig. 9.—Effect of use of ‘‘ hot-top pads ”’ on losses due to 
extra crop. 


of an oxy-acetylene torch. The same lap as shown in 
Fig. 10 is shown again in Fig. 11 after torch desurfacing. 
It will be seen that the defect is then quite obvious. 
Such defects are frequently of sufficient depth to necessi- 
tate scrapping the complete ingot. 

Higher teeming speeds have always been a counter to 
this source of trouble, both by reducing the time available 
for the crust to form and by tending to keep it away 
from the mould wall. Unfortunately, the maximum 
teeming speed permissible without serious danger of 
cracking is not high enough to eliminate this defect. 
Nevertheless, the incidence is substantially reduced by 
using the highest teeming speeds which can be permitted. 
Another factor which is helpful in this direction is the 
use of a good mould coating. The gas evolved from 
the coating at the mould ‘steel interface tends to keep 
the crust away from the mould wall although it does 
not in any way inhibit its formation. 

Obviously the complete answer is to prevent the forma- 
tion of such crusts, and with this object in view, casting 
was carried out with the tops of the moulds closed 
except for a small vent hole. The intention was to 
reduce the heat loss from the top surface and maintain 
a reducing atmosphere within the mould. It was felt 
that if this could be done to a sufficient degree, the 
formation of both frozen metal and oxide would be 


Fig. 10.—Lap associated with trapped crust in bottom- 
poured ingot. 


prevented. Results showed that while there was a 
improvement, this cure was only effective to a limited 
degree. 

The subject of crusting has been dealt with following 
that of cavitation because the use of straw and a plate § 
over the mould has also proved the most effective cup 
for crusting. A great many ingots cast by this method 
have been desurfaced to a depth of 1 in. by machining 
and the number of entrapped crusts found has bee 
negligible. 

It must be emphasised that what has been said her 
regarding the use of straw has been based on experimental 
work, although some of the trials involved large numbers 
of ingots. It may be that in full-scale production 
unforeseen difficulties would arise. 


Porosity 
Porosity can, and does on occasions, occur in killed. 
steel ingots which have been teemed uphill. The 
blowholes are subcutaneous and consequently cannot 
be detected or studied by examination of the as-cast 
ingots. The following three methods have been used to 
expose and study porosity :— 

(1) longitudinal sections have been cut and examined, 
but this only revealed a very restricted area of 
ingot skin, and did not justify the excessive 
amount of machining involved ; 
ingots have been desurfaced in a lathe, and if this 
is done in small steps it is quite an effective method 
of examination, particularly for round ingots; 
examination of fluted ingots by this method is not 
so successful ; 
oxy-acetylene torches have been used to desurface 
ingots, and this method is quite effective, but is 
more suitable for exposing sample areas than for 
examination of a complete ingot surface. 

Methods (2) and (3) have been used extensively to 

expose and study porosity. Fortunately, or unfortu- 
nately, depending on whether one is interested in 
production or investigation, blowholes are not present in 
all ingots, and very large numbers have had to be 
examined in order to obtain a reasonable amount of 
evidence. 


Fig. 11.--The same lap as Fig. 10 after oxy-acetylene 
torch desurfacing. 
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Fig. 12.-Subcutaneous cavities associated with chilling. 


In the course of this work, two distinct types of 
blowholes were identified on numerous occasions. 
Although subcutaneous, both types were near enough 
to the surface to be removed by either method (2) or 


he method (3), above, or to be exposed by scaling during 
re reheating. Fig. 12 shows the first type, which was 
a sometimes found at the bottom corner of an ingot. The 

shape and distribution of these holes will be noted and, 
face although it cannot be ascertained from the photograph, 
t is they were completely free from contamination of any 
for kind. When these holes or cavities were found in ingot 


sections which had been etched and sulphur printed, it 
was noticed that they were always located where the 


B chilling appeared to have been most severe as judged 
ve by the thickness of the chilled layer. 


The first metal gushes into the mould with a fountain 
effect and splashes into the bottom corners, where it 
freezes very rapidly due to the combined effect of the 
mould and the bottom plate. It will be seen from the 
normal type of entry shown in Fig. 13, that the metal 
first chilled in these corners is not likely to be reheated 
by molten metal subsequently entering the mould. It 
was, therefore, concluded that such holes might be a 
series of smal! contraction cavities resulting from the 
rapid chilling. It is not unusual for the first surge of 
metal entering a mould to go mainly towards the one 
side, and this might well account for the holes being 
associated with the thickest chill. 


Fig. 15.—Porosity associated with slaggy material. 


On this assumption, a new false bottom plate was 
designed with the object of avoiding such holes ; this is 
shown in Fig. 14, from which it will be seen that this was 
introduced between the main bottom plate and the 
mould. The intention was that the first surge of metal 
should be confined in the conical portion, so that any 
rapid chilling which took place would be counteracted 
by the further metal entering the mould: also that a 
pool would be formed in the cone, and that the metal 
would flow slowly and smoothly from this into the bottom 
corners. This arrangement also ensured perfect centring 
of the mould over the inlet, thus reducing the danger of 
uneven distribution of the molten steel. 

A large number of ingots were made with this set-up, 
and the results were very much as expected. Ingots 
cast in this way showed a very much lesser tendency to 
have unsound areas at the bottom corners. It is felt 
that even better results might have been obtained had 
the diameter at the base of the cone coincided with the 
diameter at the bottom of the mould. 

The other type of porosity encountered occurred in 
patches on the body of the ingot and mainly in the 
upper half. An example of this type is shown in Fig. 15. 
Each hole contained a small bead of slaggy material of 
the following approximate composition :— 


Silica 41-0% 
Alumina .. 9-0% 
Ferric oxide 8-0% 
Manganous oxide .. 41-0% 


This type of porosity was found mainly on 
one side of the ingot and again was 
associated with the thickest portion of the 


chill layer. It has been established that 
variation in the thickness of the chill, and, 
therefore, the incidence of this porosity, is 
aggravated by an off-centie inlet to the 
mould, the thick chill being on the side 
farthest from the inlet. 


Z 


In looking for a possible source of the 
|  slaggy material occurring in these holes, it 
was found that, after use, the mould 


surface had small globules adhering to the 


to bottom poured mould. 
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Fig. 13.—Normal type of entry Fig. 14.—False bottom plate 
designed to avoid porosity. 


surface. The analysis of this material 
was :— 
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Sihea ‘ 15-2% 
Manganous oxide .. .. .. .. 11-2% 


These globules may be the result of erosion from the 
runner bricks and /or ladle lining, and may be deposited 
on the mould surface during filling. Subsequent ingots 
from such a mould have thus two sources of pick-up of 
this material, that is, erosion by the current teeming 
and pick-up from an improperly cleaned mould. When 
this material is trapped by solidifying metal the FeO + C 
reaction takes place, leaving the residual alumino- 
manganese silicates in the form of a bead. If the mould 
is cleaned and coated efficiently, there is a distinct 
decrease in the deposition of these globules on the 
surface and also a reduction in the pick-up by the metal. 

To minimise the second type of porosity it is essential 
to clean and coat the moulds properly, to centralise the 
moulds over the riser holes properly, and to keep the 
metal as fluid as possible during teeming, to ensure 


the rising of slaggy material to the top of the ingot. 


Conclusion 


The casting of killed-steel ingots to meet the conditions 
specified in this paper requires that the greatest care 
must be taken with every detail of casting practice, 
The importance and effect of many items such as the 
cleanliness and coating of moulds, accuracy in the 
setting of moulds and runners, control of teeming speed, 
etc., has been shown. The practical investigations and 
experiments described have, also, demonstrated the 
effect of open contraction cavities on tubemaking and 
how these can be obtained when the normal methods 
of hot-topping are not practicable. 

The frequent references to ingot cracking and teeming 
speed throughout these notes will have emphasised how 
important these factors are considered to be. It is 
hoped that the experiments on cracking and the theory 
put forward will prove a useful contribution to the 
knowledge of this important subject. 


Corrosion Testing Lecture Course 
A course of evening lectures on Corrosion Testing will 
be delivered at 7 p.m. on Wednesday, March 18th and 
Tuesdays, March 24th, April 14th, 21st, 28th and May 
5th, 1953, at the Northampton Polytechnic, St. John 
Street, London, E.C.1. The subjects to be dealt with 
are listed below, together with the name of the lecturer. 
March 18th: General Principles of Corrosion Testing, by 

8. C. Britton (Tin Research Institute). 

March 24th: The Preparation of Specimens, by F. A. 

Champion (The British Aluminium Co., Ltd.). 

April 14th: The Atmospheric Corrosion of Uncoated Metals, 
by J. F. Stanners (B.1.8.R.A.). 

April 2lst: The Immersed Corrosion of Uncoated Metals, 
by G. H. Botham (The A. P. V. Co., Ltd.). 

April 28th: Tests for the Selection of Protective Coatings, by 

8. C. Britton (Tin Research Institute). 

May 5th: The Assessment of Corrosion, by F. A. Champion 

(The British Aluminium Co., Ltd.). 

The fee for the course is £1 and enrolment can be 
effected by personal attendance at the Polytechnic or 
by post. Those enrolling by post should supply the 
following information : (a) name and address ; (6) name 
of employer; (c) qualifications (e.g., B.Se., Higher 
National Certificate, etc.); and enclose the fee and a 
stamped addressed envelope. 


Unique Ventilation System at 
Nickel Mine 


THE only one of its type in Canada, a towering 20-ton 
exhaust fan has been installed by The International 
Nickel Company of Canada, Ltd., to ventilate the under- 
ground workings of the new caving project at its 
Creighton Mine in the Sudbury District of Ontario. 
This method of mining involves the under-cutting of 
ore far underground, followed by its caving and disinte- 
gration, and as the Creighton project took shape on the 
drawing boards, primary consideration was given to 
devising a ventilation system which would provide for 
the flow of a steady stream of fresh air through the 
slusher drifts—passageways through which ore is drawn 
off after it has come through funnel-shaped boxholes 
beneath the mass of broken ore. 

The giant vertical fan, driven by a 350 h.p. motor 
weighing 5 tons, ventilates the workings by a flow of 
fresh air at the rate of 300,000 cu. ft./min. The fan 
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draws the air down from the surface, directly through 
the caved or broken ore, circulates it through the under. 
ground workings and carries it back to the surface 
through a return shaft. It is at the top of this shaft that 
the fan is mounted. The fan stands 42 ft. above its 
concrete base, and the diameter at the inlet is 15 ft. 
The 124 in. impeller has 12 stainless steel blades which 
are adjustable in pitch through 25° to accommodate the 
load as the mining operation moves further away from 
the main return air shaft. The system is effectively 
servicing the project as it has been developed to date, 
and has ample capacity to handle ventilation needs 
under maximum operating conditions. 


Northern Instrument Sales Office 

A NortuHeErN Sales Office for Smiths Industrial Instru- 
ments, Ltd., was opened recently at York House, 12, 
York Street, Manchester, 2 (Tel.: Central 0858). It 
will provide for all customer’s enquiries concerning 
instrumentation, and will undertake distribution and 
service of the wide range of instruments supplied to the 
textile industry and industry generally. 


Change of Address 

Tue British ALumintum Co., Ltp., have vacated their 
Branch Office and Warehouse at 66, Kirkstall Road, 
Leeds, 3, and have transferred their Branch Office to 
Martins Bank Chambers, Vicar Lane, Leeds, 1, to handle 
sales of unwrought and fabricated aluminium and alu- 
minium alloys in Yorkshire and Lincolnshire. Mr. A. E. 
Heeley continues as Branch Manager, and the telephone 
number remains Leeds 28343, with the telegraphic 
address, as before, Britalumin Leeds.” 


Anniversary Dinner 

To celebrate their 21st birthday, Asbury, Brodie & Co., 
Ltd., distributors of electrical resistance materials, 
stainless steel, cadmium, nickel anodes, oxides and 
salts, etc., held a most successful dinner and dance at 
The New Inns, Handsworth, Birmingham, on Friday, 
February 6th. Among the principal guests were Mr. 
R. M. Parry, Managing Director of British Driver-Harris 
Co., Ltd. ; Mr. I. A. Bailey, Managing Director of Henry 
Wiggin & Co., Ltd. ; and Mr. George Tinker, Managing 
Director of Birlec, Ltd. 
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Steel Foundry Research on Grinding 
Machine Exhaust Systems 


Major Development in Dust Control 


on stand or pedestal grinding machines as used in 

steel and other foundries are announced by the 
British Steel Founders’ Association. These improve- 
ments apply equally effectively to units having wheels 
of high (9,000 ft./min.) and of medium (5,400 ft. /min.) 
periphal velocity and can be easily fitted both to existing 
machines and to new equipment. They have been 
shown to give a considerable reduction in the amount 
of dust escaping into the foundry atmosphere when 
compared with conventional hood design (Fig. 1). 

The research work leading to these improvements has 
heen carried out at the Dust Research Station established 
in Sheffield by the Research and Development Divisicn 
of the B.S.F.A. during 1951, and has been sponsored by 
the Committee on Industrial Health of the British Steel 
Founders’ Association. The work has been conducted 
with the co-operation of the Foundry Trades’ Equipment 
and Supplies Association and of its Ventilation Com- 
mittee, through which a series of 24 in. stand grinding 
machines of different manufacture has been made 
available for experimental purposes. As the work has 
progressed, keen interest has been shown by H.M. 
Inspectorate of Factories and by the Trade Unions, the 
Iron, Steel and Metal Dressers’ Trade Society in 
particular. 

Preliminary observations at the Dust Research 
Station were conducted using Perspex end-covers fitted 
to standard 24 in. grinding units, by means of which it 
was possible to observe, under appropriate conditions of 
illumination, the flow of dust-laden air inside the 
machine cowling. These observations revealed that air 
streams being drawn into machines of conventional 
design prevent dispersion within the cowling of the 
stream of dust-laden air produced by the grinding 
operation and cause it to adhere to and rotate with the 
periphery of the grinding wheel instead of being ex- 
tracted through the exit-duct to the dust collector and 


() cnstand or pe improvements in dust suppression 


Fig. 1.—Left: The smoke cloud 
formed by the grinding of wood 
ona standard machine as supplied 
by the makers. Right: The re- 
duction in dust emission due to 
the adjustments made in the 
design of the hood. The slight 
glare appearing above the opera- 
tor’s hands in the right-hand 
picture is caused by the lighting 
technique employed and is obs- 
cured by the dust itself in the 
left-hand picture. 
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A—PERFORATED WORK-REST. B—GAP CLOSED BY EASILY ADJUSTABLE 

TOP FLAP. C—MINIMUM AIR GAP BETWEEN SIDES OF COWLING AND 

WHEEL. D—SPARK TRAP. E—ENCLOSED GAP BETWEEN COWLING AND 

WORK-REST. 

Fig. 2.--Left: Design of conventional grinding machine 

hood. Right: Design resulting in improved dust 
suppression. 


fan system. The dust stream adhering closely to the 
wheel is thus caused to emerge from the cowling in front 
of the operator and subsequently to be deflected by 
the work-rest and by the work itself directly into the 
breathing zone of the operator. 

By controlling the ingress of air being drawn into the 
cowling by the extraction system, and by concentrating 
the effects of extraction solely upon the dust-stream, it 
has been shown that it is possible to reduce very sub- 
stantially the amount of dust-laden air rotating with the 
wheel and thereafter emerging and reaching the operator. 
The measures adopted involve the design of a work-rest 
such that the effects of the extraction system are 
applied directly to the underside of the work-rest itself, 
thus bringing the extraction as near to the source of 
dust-generation as possible. 
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Further modifications include reducing to a minimum 
the gap between the casing and the sides or flanks of the 
grinding wheel, together with an easily adjustable “ gap- 
closer ** at the point where the wheel emerges from the 
cowling immediately in front of the operator's face. 
This gap can readily be closed by the operator as the 
wheel wears. 

At the same time, the work-rest has been altered to 
embody either slots or perforations which, together with 
the suction applied below the work-rest, effectively 
prevent the work-rest acting as a stripping mechanism 
for deflecting the dust-stream towards the operator’s 
breathing zone hefore it enters the cowling. The 
complete recommendations are shown diagrammatically 
in Fig. 2. 

In achieving their objective, the modifications have 
been made in such a way that the control of the dust 
has been brought as near as possible to the dust origin, 
have confined the dust-stream within the cowling itself 
and, last but not least, have involved no complicated 
innovations or alterations to the construction of the 
stand grinding equipment. The latter criterion has 
been regarded as being of prime importance, and has 
been rigidly observed throughout the development work 
in so far as only in this way could any design improve- 


ments evolved be applied retrospectively to existing 
machines at small expense and with the greatest possibk 
speed. Similarly, in relation to new equipment, th 
manufacturer is enabled to introduce a marked increag 
in inherent efficiency of his equipment with a minimuy 
of departure from overall design, and with a minimun 
increase in cost of production. 

It is more than likely that stand or pedestal grinding 
units in the future, not only for steel foundries but fo 
other sections of the foundry industry, will incorporate 
as a standard feature the basic modifications that 
have arisen from this example of co-operative effort 
and applied research to a practical but very vital 
problem. 

A film, recording the detailed stages of this research 
since its inception, is to be demonstrated at the forth. 
coming Annual Conference of the Institute of British 
Foundrymen. In view of the importance of its findings 
however, the British Steel Founders’ Association has, 
with the concurrence of the Foundry Trades’ Equipment 
and Supplies Association, and H.M. Inspectorate of 
Factories, which has been represented at meetings of the 
Foundry Trades’ Equipment and Supplies Association's 
Ventilation Committee, agreed to make this statement 
public. 


New Spanish Steelworks at Aviles 
Plant to be Supplied by British Firms 


POST-WAR investigation of the Spanish steel 
A industry, undertaken by the Institute Nacional de 

Industria and sponsored by the Spanish Govern- 
ment, showed that whereas the industry made one 
million tons of steel in 1929, the figure for 1950 was only 
some 700,000 tons, with little promise of any substantial 
increase so far as the existing works were concerned. 
Furthermore, in only one of the six large plants could 
any substantial expenditure be justified as showing a 
reasonable return on the investment. 

The iron ore deposits in Vizcaya, rich and well-known 
as the basis of the Spanish industry, and also of a 
substantial portion of the British steel industry in the 
past, are now not nearly so plentiful nor so rich. The 
steel consumption per head of the population at present 
is below 50 lb. per annum—less than one-tenth of the 
corresponding figure for the United Kingdom. The 
investigators considered that additions to existing steel- 
works would not raise this figure above about 90 Ib. 
per annum, whereas a figure of 165 1b. per annum was 
regarded as desirable. They concluded, therefore, that 
the solution of their problems lay not so much in 
piecemeal extensions of existing plants as in the 
establishment of a new integrated plant based on 
hitherto unexploited sources of coal and iron ore. 


New Company Formed 


As a result of these conclusions, the Empresa Nacional 
Siderurgica S.A. was formed in 1950 for the purpose of 
building and operating such a new plant on a site near 
the estuary of the Aviles river in Asturias. Essential 
conditions for the new plant were that it should not 
compete with existing works for the acquisition of iron 
ore of which they were already running short ; it should 


not reduce the already diminished export of iron ore; 
and it should not be dependent on imported coking 
coal. In the location chosen it will be based on Asturian 
ores and coal which have hitherto been little exploited. 

The land was acquired and civil engineering work on 
its preparation has been in progress for about a year. 
The site is ample and provision has been made for the 
addition at a later date of a second and, ultimately, a 
third and fourth blast furnace. These will be accom- 
panied by extensions of the steelmaking plant and 
rolling mills, and additional rolling mills for the 
production of merchant products, wire, rods, strip, 
sheet and tinplate. There is thus the possibility of an 
ultimate production of approximately 14 million tons 
of steel, and although this will probably not materialise 
for many years, good sense and foresight has been 
shown in planning for it now. Assuming a population 
of 30 millions, the additional output from the new 
works, together with existing works, will mean an 
increase in the production per head to approximately 
125 lb., which will still be one of the lowest in Europe. 

The first stage, producing an additional 350,000 tons 
per annum, is expected to start production in late 1956 
or early 1957, when the industry’s 1,650,000 ton output 
will comprise: (1) existing steelworks present output 
of 800,000 tons; (2) estimated increases in existing 
steelworks of 500,000 tons: (3) new production at 
Aviles of 350,000 tons. The plant involved will include 
a 1,000 ton /day blast furnace, open hearth steel plant, 
and bar and section mill. 


British Plant 


A group of British steelworks plant manufacturers 
have secured contracts representing a total value of 
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£10 million. Some of this equipment is to be made in 
Spain, but after making allowances for this, the sterling 
value is approximately £6 million. 

A post-war development in the field of metallurgical 
plant manufacture was the formation of Metallurgical 
Equipment Export Co. Ltd., of London, a company 
owned and specially formed by several plant manu- 
facturers to co-ordinate their export activities, and to 
offer foreign customers one source of supply for the 
wide range of equipment required in a modern metal- 
lurgical works. The Chairman of M.E.E.C.O. is Mr. 
D. F. Campbell and the negotiations in connection with 
Aviles have been conducted over the last two years by 
Mr. F. G. Connor, Managing Director, assisted by the 
Company's representatives in Madrid. 

The securing of these contracts in the face of keen 
competition from France, Germany and Switzerland, is 
to be welcomed, not only for the value of the contracts 
themselves, but also as an encouraging sign of revival 
of the conditions of a quarter of a century ago, when 
the names of British manufacturers were household 
words in the Spanish iron and steel industry. 


Ironmaking Plant 


The ore preparation and blast furnace plant, which is 
being built by Head Wrightson & Co., Ltd., with the 
co-operation of the Fraser & Chalmers Engineering 
Works, consists mainly of four sections: (1) materials 
handling and blending plant; (2) sinter and slurry 
plant ; (3) blast furnace plant ; and (4) electrical equip- 
ment. The whole plant is designed for operation on 
Asturian ores enriched by the addition of oxide residues 
from the roasting of pyrites: the proportion of sinter 
in the burden will, therefore, be high. 


Materials Handling and Blending Plant. 


Most of the ores delivered to the plant will be sea- 
borne and will be discharged by two 500 tons/hr. 
unloading transporters on to a conveyor system for 
delivery to stock on to the crushing and screening plant. 
Rail borne materials will be discharged by wagon 
tippler and thence by belt conveyor to the ship unloading 
conveyor system. All ore will be crushed to minus 
6in. at the mine and further crushed to minus 2} in. 
before use. 

The blending plant will consist of four stockpiles each 
containing about 12,000 tons of ore stocked by means of 
conventional trippers. The ore will be reclaimed by 
Robins Messiter reclaiming machines. Screening before 
and after blending will eliminate all material minus 
fin. for sintering. 

The flexibility of the conveyor system will permit the 
delivery of ore from ship to stockyard ; from stockyard 
to crushing, screening and blending ; from blending to 
high line; from ship to crusher; and from ship or 
stockyard direct to high line. 


Sinter and Slurry Plant. 

All ore fires minus § in. and all pyrites residues will be 
delivered to the sinter materials storage yard and thence 
to the bins. Coke breeze and flue dust will be delivered 
by rail to a track hopper, and then by conveyor to the 
screen in the sinter material building or direct to the 
rod mill surge bin. Feeder tables will feed materials 
from pre-selected bins to the gathering conveyor and 
then to the rotary mixers, together with the filter 
residue from the underflow thickener water. 
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The 20 wind-box sinter machine will be of the 
continuous type, 72 in. wide x 120 ft. long. The finished 
sinter will pass over a fixed bar screen into the sinter 
hopper, whence it will be fed to a 150 ton/hr. double 
skip hoist which will elevate it to the blast furnace high 
line bins. The undersize from the screen will be returned 
by vibrating tube conveyor and belt conveyor to the 
drum mixers. The thickener, sludge pumps and filters 
are designed for operation with two furnaces and the 
thickener will receive about 6,000 gal./min. of water 
when two furnaces are working. 


Blast Furnace Plant. 

The initial installation will consist of a single furnace 
having dimensions equal to the largest yet built in 
Europe. The ore and limestone from the materials 
handling plant will be delivered by belt conveyors to 
hoppers above the high line, and thence by transfer cars 
to the stockhouse bins, whilst coke will be screened at 
the ovens and delivered direct by conveyors to the coke 
bins. All raw materials other than coke will be dis- 
charged through air-operated bin gates into the scale 
car and then by twin skips, each of 250 cu. ft. capacity, 
to the furnace hopper. Coke will be discharged over 
vibrating screens to the weigh hoppers and thence 
automatically to the twin skips. Coke breeze from the 
screens is returned to the screening plant at the coke 
ovens. 

Iron will be run into 75 ton hot metal ladles for 
transfer to the steel plant, while slag will normally be 
run into slag pits, whence it will be handled by excavators 
and dumpers on to waste land. Provision is also made 
for running slag into ladles if desired. 

The gas cleaning plant comprises expansion-type 
primary dust catcher, centrifugal type secondary dust 
catcher and electrostatic fine cleaning plant. Clean gas 
from the fine cleaners will be used in the stoves, coke 
ovens, boiler house, sinter plant and cast house. 


Electrical Equipment. 

The general supply to the ore preparation and blast 
furnace plant will be at 6,300 volts 3-phase 50-cycles. 
Two feeders each of 8,000 kVA capacity will supply two 
sub-stations, one at the load centre of the port and ore 
blending area and the other at the blast furnace load 
centre. At these sub-stations, which will be ring 
connected, the power will be transformed to 380 volts, 
3-phase, 50-cycles, or converted by mercury-are recti- 
fiers to 240 volts D.C. The precipitators will work at 
about 65,000 volts D.C. derived from oil immersed 
transformer rectifier units fed from the 380 volts, 
3-phase supply. 


Steelmaking Plant 


The open hearth steelmaking plant, which will have 
an annual capacity of 336,000 ingot tons, will be the 
responsibility of The Wellman Smith Owen Engineering 
Corporation, Ltd., who will design and construct the 
three 300 ton tilting open hearth furnaces and the 
600 ton active type hot metal mixer. These items will 
be of the most up-to-date design, as will the Wellman 
handling equipment, and the open hearth plant as a 
whole will conform to the best modern British steel- 
making practice. The handling equipment will com- 
prise: two 100 ton hot metal cranes located in the 
charging bay along with two 4 ton low ground revolving 
furnace charging machines; two 140 ton casting bay 
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ladle cranes; and two 25 ton box lifting and magnet 
overhead travelling cranes operating in the scrap bay. 

The stockyard bay, in which the box handling and 
magnet cranes are to operate, will be situated adjacent 
to the melting shop, so that the type and amount of 
material available for charging will always be visible to 
the melting shop staff, and can be brought to the 
charging platform immediately it is required. The 
charging boxes will be loaded on the stockyard floor by 
means of a 65 in. diameter magnet, and lifted to the 
charging platform on trays carrying five boxes. 

Molten iron will be transferred from the blast furnace 
plant to the steel plant in 75-ton ladles which will be 
taken up by the 100 ton cranes serving the charging 
bay. The hot metal mixer will be of the active type, 
capable of carrying a maximum weight of 600 tons of 
molten iron, and will be so designed that the hot metal 
can be maintained at temperatures approximating to 
the temperature of the melting furnaces: in this way 
it will play an important part in the total refining 
process. The 300 ton tilting furnaces will be charged 
with hot metal brought from the mixer by the 100 ton 
cranes, and the appropriate addition of scrap metal will 
be made by the ground chargers. Both the mixer and 
open-hearth furnaces will be tilted by electrical means and 
will be designed for firing by mixed gas and coke oven tar. 


Rolling Mill Plant 


The rolling mill equipment which is being supplied by 
Davy & United Engineering Co., Ltd., to meet the 
requirements of this new works consists essentially of a 
42 in. reversing blooming and slabbing mill and a 
32 in. reversing three-stand structural mill. Both mills 
are being designed for a much greater capacity than the 
350,000 tons annual output initially required, and will 
in fact have the capacity to roll up to a million tons a 
year, against the requirements of the works in what 
might be termed its intermediate stage of expansion. 
The electrical equipment is being supplied by The 
English Electric Co., Ltd. 


Blooming and Slabhing Mill. 


The blooming and slabbing mill will be capable of 
rolling slab ingots up to 12 tons in weight into slabs of 
various sizes, and 44-5 ton square ingots into blooms 
down to 6in. square—the raw material for the 32 in. 
mill. The working lift of the top roll will be about 
58 in. to allow a 56 in. slab ingot to be rolled on edge on 
the full diameter of the roll. The roll barrels will be 
9ft. long and will be so designed that both slabs and 
blooms can be produced on the same set of rolls. 

The mill will be provided with a 7,000 h.p. 50/120 
r.p.m. drive, built as two single armature motors in a 
twin-drive arrangement in which one motor drives over 
the top of the other one, via a jack shaft. In this way, 
the otherwise necessary pinion housing, with its losses 
and maintenance, is eliminated. The drive will be 
completed by a motor-generator flywheel set and control 
gear of the most modern type, giving automatic pro- 
tection and maximum response rate. The rolls and 
spindles will be hydraulically balanced from an indepen- 
dent system and fabric linings will be fitted on the roll 
necks. Two-motor screwdown will be operated by twin 
150 h.p. motors, and will give a screwing speed, for the 
rapid positioning of the top roll, of up to 255 in./min. 
In line with modern practice, there will be Ward 
Leonard auxiliary drives for the screwdown, tables and 


manipulators. These drives will be fed from motor. 
generator sets and will be under the control of systems 
similar to, but simpler than, those for the main drives, 

The mill will be fitted with universal manipulators of 
the electrically operated side guard type for rapid 
manceuvring of the ingot before and after each pass 
through the mill rolls. All manipulator actuating 
mechanism will be positioned on the main drive side of 
the mill, thus leaving the opposite side of the mill free 
for all roll-changing operations, which will be effected 
by special electrically driven equipment. The manipu. 
lator heads on the ingoing side of the mill will be fitted 
with tilting finger gear for turning over ingots or slabs 
as required. 


Bloom aud Slab Shear. 


On leaving the 42in. mill, blooms and slabs will 
travel forward on driven roller tables to an electric 
bloom and slab shear which will have a blade load of 
1,350 tons. It will be capable of cutting 600 sq. in. of 
mild steel with a maximum thickness of 16 in., and will 
be designed to make 9 cuts/min. The shear will be 
driven by twe motors, each of 500/1,000 h.p., through 
a double reduction gear unit, and control will be pro- 
vided to give the very rapid acceleration and deceleration 
needed to allow the sheer mechanism to make only one 
cut at a time if so required. 

Blooms required for subsequent rolling in the section 
mills will then be given quick reheating treatment in a 
wash heat furnace, reheating at this stage resulting in 
better corner filling when section rolling. 


Reversing Section Mill. 


After reheating, blooms are fed into the 32 in. 3-stand 
two-high reversing section mill which will be capable of 
producing structural sections up to 500mm. joists, 
rails, billets, rounds and sheet bar in a wide range of 
sizes. It will be noted that this mill follows the British 
trend in contrast to the three-high type of mill still 
common on the Continent and in the U.S.A. for section 
rolling. The modern reversing mill motor is capable of 
giving, and sustaining, extremely rapid reversals, 
sufficient to cope with any rolling programme, and with 
the two-high design the lifting tables are eliminated, 
better manipulating and transfer equipment for the 
product being rolled can be employed, and accurate roll 
matching is greatly simplified. 

Two of the stands will be driven by one 6,700 h.p. 
080/180 r.p.m. motor with 150 metre-tons working 
peak and 180 metre-tons cut-out, with an identical 
motor driving the third stand from the opposite side. 
These drives will be of the conventional type working 
through pinions, and again the motors will be complete 
with motor generator flywheel sets and control gear. 
The nominal diameter of the rolls is 32 in. with a roll 
barrel length of 7 ft 6in. on each stand of the mill. 
The first two stands will be fitted with electric screw- 
down gear, and the finishing stand with hand screwdown. 

Mechanical manipulators will be fitted to both 
roughing and finishing stands, the second stand having 
bobbin tilters for handling billets. Skid transfer gear 
will operate between all three stands and at both sides 
of the mill. The run-out roller tables from the second 
and third stands will be equipped in each case with 
sliding frame hot saws fitted with stop and measuring 
gear to facilitate speedy cutting to length of rails and 
sections before transfer to the cooling banks. 


METALLURGIA 


easy 
ande 
time, 
| for th 
secon 
essent 
the a 
whie 
brief 
and 
refer 
field 
Metr 
Rolli 
“| 
| equi 
inter 
put 
meti 
| 
7,00 
the : 
Aus' 
| mill 
stru 
now 
A 
for | 
alur 
and 
| equ 
| inte 
| wit] 
4 equ 
equ 
50 
| and 
mil 
dri 
7 
me} 
| coa 
wil 
anc 
exc 
res 
fac 
| mil 
Sec 
a 140 
] 


Otor. 
stems 
rives, 
ors of 
rapid 
pass 
ating 
de of 
| free 
-cted 
lipu. 
itted 
slabs 


Cold Finishing 


The layout of the plant has been designed to give 
easy and uncongested flow of material, with handling 
and conveying costs kept to a minimum. At the same 
time, with an eye to the future, provision has been made 
for the installation—it may be many years hence—of a 
second slabbing mill and further secondary mills. An 
essential feature of the layout of the present scheme is 
the attention given to the finishing processes, such as 


cooling, straightening, cutting to length, etc. Material 
will be transported by driven roller gear from the cooling 
banks, through the straighteners, rail enders and 
drillers, without the use of crane haulage. Provision 
will also be made in the cooling bank section for the hot 
cambering of rails, which materially assists the final 
cold roller straightening operation, since rails which 
have been hot cambered cool out much straighter, and, 
thereby, reduce the severity of the cold straightening 
operation. 


Electrical Plant for the Metal Industries 
Progress in 1952 Reported 


ONTINULNG our account of interesting 
* electrical plant ordered for or commis- 
sioned in the metal industries last year, 
which commenced in our February issue with 
brief details of a number of General Electric 
and British Thomson-Houston installations, 
reference is made here to the activities in this 
field of The English Electric Co. Ltd., and 
Metropolitan-Vickers Electrical Co. Ltd. 


English Electric Co. Ltd. 
Rolling Mills. 


During the year a considerable number of 
equipments have been commissioned and 
interesting orders have been obtained. Those 
put into service include three for non-ferrous 
metals and three for ferrous, together with 
various important auxiliaries. Abroad, a 
7,000 h.p. 50/120 r.p.m. blooming mill drive, 
the second of this rating to be supplied to this 
particular customer, is now running in 
Australia, and a slightly smaller blooming 
mill drive and two associated and similar 
structural mill drives with all auxiliaries, are 
now in service in Sweden. 

At home, hot mill drives commissioned include those 
for a continuous copper rod mill and a semi-continuous 
aluminium mill. The former has four 210 h.p. motors 
and an 850 kW. grid-controlled rectifier, whilst the latter 
equipment has two induction motors for roughing and 
intermediate drives and seven 150h.p. D.C. motors, 
with motor generator set, for the finishing train; both 
equipments were complete with auxiliaries. Cold mill 
equipments include those for a 1,500 h.p., 1,000 ft./min. 
50 in. wide aluminium strip mill with a 300 h.p. coiler, 
and for stainless steels, a 400 ft. /min. reversing Sendzimir 
mill with a 600 h.p. main motor and two 430 h.p. coiler 
drives, 

Two auxiliary equipments are particularly worth 
mentioning. Firstly, a slabbing mill on the north-east 
coast now has a pair of 75 h.p. serewdown motors which 
will give 150 h.p. each at twice rated voltage and speed, 
and the necessary motor generator set and control 
exciters, so that the whole equipment gives maximum 
response and has maximum self-protection; it is, in 
fact, the first in service of many really up-to-date hot 
mill Ward Leonard auxiliary drives already ordered. 
Secondly, two strip electro-tinning lines in the Steel 
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The English 
strip mill, with three 4,000 h.p. D.C. motors and one 1,000 h.p. 


D.C. motor. 


Company of Wales Trostre Works have English Electric 
transformers and saturable reactors for supplying and 
adjusting the tin-brightening reflow power, there being 
in all four transformers and four 835 kVA. saturable 
reactors. 

Delivery is being completed, or commissioning is 
taking place, on several other equipments, including a 
7,000 h.p. 50,120 r.p.m. twin-drive blooming mill equip- 
ment abroad and three mills at home, a 14-motor Morgan 
rod mill equipment with rectifiers in this country, an 
8,160 h.p. 50/120 r.p.m. twin-drive blooming /slabbing 
mill equipment, and a 10-stand Morgan mill equipment 
totalling 12,500 h.p. and having rectifier supply. 

Of the many orders received during the year, it is 
possible to mention only a few. <A _ 1,880h.p. hot 
reversing mill motor has been ordered to replace a motor 
supplied very many years ago by Siemens, and another 
replacement order will mean a 750 h.p. slipsring motor 
replacing a D.C. motor on an Ilgner set with the displaced 
D.C. motor being used for driving another mill in the 
same building. 

One large order is for 17 motors with rectifier supply 
and several auxiliaries for a European rod mill. Another | 
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important order is for main and auxiliary drives 
totalling over 1,100 h.p. for a Sendzimir planetary hot 
strip mill, this order being very similar to one secured 
last year and being the second such equipment ordered 
in this country. 

Six small rolling mill and finishing equipments for 
Pakistan aggregate 1,200h.p., whilst numerous other 
orders relate to equipment for processing such as for 
cleaning, flattening, trimming and cutting-up and are 
for delivery both in this country and abroad. 


Mercury Are Rectifiers. 


English Electric air-cooled, sealed, steel tank mercury 
are rectifiers continue to meet a demand from many 
different countries, for a simple and reliable design for 
an increasing diversity of duties. Among the more 
interesting equipments ordered during the year were 
two plants for Norway ; the first of these includes two 
4,800 amp. 750 volt grid-controlled equipments, to 
extend the aluminium producing capacity of Det Norsk 
Nitridaktieselskap, while the second includes two 
2,000 kW. 600 volt equipments, having grid control for 
the speed variations of the main drives of a semi- 
continuous steel mill of the Norsk Jernverk ; the latter 
order also includes three 500 kW. rectifiers for auxiliaries. 
Other equipments for street traction, steel mills, ship- 
yards, ports, factories, coal mines, etc., have also been 
ordered. 


Miscellaneous. 


Welding.—Foremost in the development field is a 
new type of stepless control of are welding current by 
means of ignitrons. It provides a means of controlling 
on-load current for are-welding circuits, without resorting 
to moving core or tapped reactors. The invention is 
particularly suitable for argon-are welding but, in 
addition, it may well find its way into straight A.C. 
welding, especially in the automatic and heavy current 
consumable electrode fields. 

Switchgear.—Air-blast circuit breakers for operation 
at various voltages have been supplied, including some 
at 11 and 22 kV. for are furnace control duty. 

Sintering Plant Fans.—A number of 2,200 hp. 


English Electric slabbing mill motor 
7,000 h.p. and a speed range of 54/120 r.p.m. 


with an R.M.S. rating of 


750 r.p.m. salient pole synchronous induction motory 
equipped with automatic excitation control, are bej 
manufactured for driving sinter fans in a steelworks, 


Electronic Motor Controllers.—A range of electronie 
controllers has been established to cover D.C. moto 
from 3 to 100 h.p. for variable speed drive applications, 
These controllers have been used successfully on 
number of applications connected with steel mills. 


Induction Heating. —The 10kW. and 25 kW. heat 


generators in induction and dielectric versions are being 
followed by a 50 kW. heater. 


Metropolitan-Vickers Electrical Co. Ltd. 


Rolling Mills. 


During the year a considerable number of drives have 
been commissioned, particularly for rolling ferrous and 
non-ferrous strip. In the largest, an aluminium mill in 
South Wales, in which slabs are rolled into strip, a 
reversing mill driven by an 1,800 h.p. 40/52 r.p.m. motor 
supplied from an Ilgner motor generator set is followed 
by a three-stand tandem mill having three 1,500 h.p. 
motors, Ward Leonard controlled. The strip is either 
coiled on a reel driven by a 400 h.p. D.C. motor, with 
Metadyne controlled tension, or, for the heavier gauges, 
fed into an upcoiler with a 75 h.p. D.C. motor. In the 
same plant, a non-reversing single-stand cold reduction 
mill is being equipped with a 1,000 h.p. mill motor, a 
200 h.p. reel motor and a 50 kW. decoiler motor with 
tension control. 


A number of single-stand reversing strip mills have 
also been supplied with Ward Leonard drives. These 
include two 48-in. silicon-steel strip mills, one in South 
Wales driven by a 2,500h.p. D.C. motor with two 
double-armature 1,000 h.p. reel motors, and one in the 
Midland with an 800 h.p. main motor and 330 h.p. reel 
motors. A similar installation in Sheffield for rolling 
stainless steel strip has a 1,500 h.p. driving motor and 
600 h.p. reel motor. All these installations include the 
Metrovick system of Metadyne and magnetic amplifier 
control to maintain strip tension. 


For non-reversing strip mills, two very similar 
equipments with 1,000 h.p. mill motor, 400 
h.p. reel motor and 150 h.p. decoiler motor 
have been installed in South Wales, one for 
driving a coil temper mill and the other a coil 
and combination mill. A further mill of this 
type, driven by an 800 h.p. D.C. motor 
supplied from a grid rectifier is rolling non- 
ferrous material in the Midlands. 

A merchant mill of the semi-continuous 
cross-country type has been commissioned 
with a 750 h.p. induction motor for cogging, 
2,000 h.p. and 2,500 h.p. D.C. motors on 16 in. 
roughing trains, and 1,500 h.p. and 650 h.p. 
D.C. motors, respectively, on 16 in. and 10 in. 
finishing trains. Another three-high merchant 
mill in the Midlands has been equipped with 
600 h.p. and 250 h.p. D.C. motors with fly- 
wheels, supplied from motor generator sets, 
whilst in the Sheffield area, two merchant 
mills (14 in. and 10 in.) have been equipped 
with 750 h.p. and 450 h.p. induction motors. 

In an advanced state of erection in South 
Wales is a very large installation including a 
4,000 h.p. 50/120 r.p.m. motor driving a 32 in. 
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Stand motors by Metropolitan-Vickers. 


reversing mill, Ilgner set and much auxiliary equipment. 
This mill is followed by a continuous section mill for 
which auxiliary motors and other equipment is being 
supplied, a particularly interesting item being an elec- 
tronically controlled drive for a rotary shear designed to 
cut billets to very accurate lengths on the fly. 

One of the largest synchronous induction motors for 
rolling mill drives has been delivered to a Scottish 
steelworks. Rated at 2,000 h.p. 125/187-5r.p.m. with 
VAX control, this machine has a rotor diameter of 
174 ft. and is probably the largest two-speed 11 kV 
synchronous induction motors ever ordered. Several 
interesting orders are in hand, ranging from duplicate 
6,700 h.p. reversing mill Ilgner equipments for the 
Continent, to a four-high cold mill equipment for 
experimental strip rolling in Sheffield. 


Rolling Mill Auxiliaries. 


Two 2,000 ft./min. electrolytic cleaning line drives 
have been commissioned and, in connection with the 
48in. reversing cold strip mill mentioned earlier, 
equipment for a 600 ft./min. side trimming and slitting 
line, and for a 300 ft./min. side trimmer shear and 
classifier line are under construction. Some of these 
equipments embody photo-electric loop control. 

Electronic contro! gear has also been developed for 
use with flying shears. A device for controlling the 
length of strip cut off employs high-speed counting and 
batching methods operating on electromagnetically 
generated pulses, which are produced by the rotation of 
a measuring roll driven by the strip. The number of 
pulses is directly proportional to the length of the strip 
and a pre-set batching control causes the shear to he 
operated at pre-determined points. An_ electronic 
length monitor has been developed to enable billets 
sheared at speeds of up to 700 ft./min. to be measured 
accurately on the fly, and two equipments are in course 
of manufacture. The monitor uses two photo-electric 
detectors to give pulses, which cause an error indicating 
instrument to show, in inches, any departure from the 
correct length. The system will reveal errors of as little 


March, 1958 


Atandem strip mill drive showing the reel motor and three 1,500 h.p. 


Contactor control board for the auxili- 


screwdowns and manipulator head. 


as } in. in 30 ft. with billet speeds from 200 to 700 ft./ 

min. and readings can be taken for individual billets. 
An automatic pre-set screwdown control produced 

for an armour plate mill is capable of being pre-set 


to mm. 


Welding. 

Electronically controlled automatic are welding 
machines include one supplied to Samuel Fox & Co.Ltd., 
Sheffield, for the testing of electrode wire, and five to 
Rubery Owen, Darlaston, for the fabrication of motor 
car components, whilst numerous sets of electronic 
control gear have been supplied to firms making their 
own machines. 

On the resistance welding side, a ten-head motor- 
operated spot welder has been made for welding stainless 
steel evaporators for refrigerators ; it welds 900 spots a 
minute, the evaporators being fed to the machine by 
hand. Developments have also continued in seam and 
projection welders, and a combined projection and spot 
welder has been developed by fitting the projection 
machine with spot-welding electrode tips and a foot 
switch. For atomic hydrogen welding, a tripie-are head 
has been designed to give higher welding speeds, and 
a prototype has been made. 


Induction Heating. 

Amongst the interesting range of high frequency 
induction heating equipment completed during the 
year, was an installation for the manufacture of X-ray 
tube anodes, which was arranged for a continuous 
sequence of melting, casting and controlled cooling, in 
vacuo or controlled atmosphere as desired. A _ high 
temperature vacuum sintering furnace installed in a 
Government research establishment enables 2,000° C. or 
over to be attained in a vacuum of 10-4 min. Hg, the 
temperature being closely regulated by a combination 
of proportional and floating control initiated by a 
radiation pyrometer of the caesium cell type. The same 
establishment was supplied with a 10kW. radio- 
frequency heating equipment for metallurgical work, 
and other radio-frequency equipments put into service 
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Head Wrightson 50-ton steelworks transfer car fitted with Metro- 
politan-Vickers electrical equipment. 


included a 10 kW. unit for brazing the non-ferrous parts 
of diffusion pumps, and a 20-lb. furnace (35 kW. 
generator) for melting steel for precision casting. 


Miscellaneous. 

Transport.—Electrical equipment has been supplied 
for Head Wrightson Steelworks cars—two 50-ton 
transfer cars, two 35-ton scale cars and a 60-ton hot- 
metal ladle car for John Summers new steelworks at 
Shotton. Equipment has been ordered for a 50-ton 


Correspondence 
WIRE BILLET SUPPLIES 


The Editor, 
METALLURGIA. 
Sir, 

Your assessment of the steel supply position would 
suggest that the future is bright, and that at the worst 
there “ may be slight shortages in one or two special 
classes of steel.” For the wire trade this, unfortunetely, 
is not in line with the facts, either as regards quantity or 
quality. At the beginning of 1953 we might well consult 
a crystal bal) to determine the availability of billets 
against known customer demands, and as far as quality 
is concerned, we might also be better off buying a “ pig 
in a poke.”” Although industry as a whole would come to 
a standstill without wire, it seems to come last in the 
steel planner’s minds. 

Statistics are useful, but to the steel-starved wire 
producer they are rather futile, and on the quality side 
we are apt, at times, to believe that the whole ingot is 
now converted without cropping, and that the rose- 
coloured tonnage spectacles of the inspectors can no 
longer detect segregation, pipe or surface defects, which 
are now passed on to the billet roller or rod user for the 
production of good wire by some miraculous means. 

Supply and demand requirements from 1939 to 1952 
were tied to severe shortages, sub-standard qualities 
passing muster in a “ take it or leave it ’’ atmosphere, 
and the habits of over ten years die hard. This phase 
is now passing, and the customer, quite rightly, wishes 
to revert at least to the 1939 standard. In one trade 
alone—welding wire—tonnage lots of 18 in. lengths are 
sold, and any one length not to analytical requirements 


transfer car and a 35-ton scale car fo 
the same user. On the non-ferrous side, the 
electrification of an ore haulage system cover. 
ing substation, locomotives, signalling and 
overhead equipment at the Roan Antelop 
copper mines, Northern Rhodesia, has beep 
completed. 

X-ray Equipment.—An important order 
for Newton-Victor X-ray equipment covered 
a million-volt radiographic unit for a govern. 
ment laboratory. Many standard radio. 
graphic and_ crystallographic sets wer 
supplied and in connection with the latter, 
an automatic shutter that comes into opera. 
tion on removal of the camera has been § 
developed. 

Crack Detectors.—The necessity for the 
application of magnetic crack detection 
methods to the inspection of turbine dlises 
and other large components of gas turbines 
has led to the development of the type T 
machine, designed for carrying out these tests 
with the minimum of handling. Also in production is 
the type Q, with a controllable permanent magnet. 


Blast Furnace Auxiliaries.—A fully automatic blast 
furnace hoist equipment has been put into operation in 
the Midlands and four more are being manufactured. 
Thirteen H.V. rectifier equipments are also on order for 
electrostatic precipitators to be installed at blast 
furnaces, some of the rectifiers being of the mechanical 
type and others of the more modern selenium-iron type. 


may cause rejection. To meet this, in the absence of a 
reasonable steel supply, every coil of rod has to be 
analytically checked prior to conversion—a_ truly 
remarkable state of affairs and a poor commentary on 
the currently available quality of steel. For rope wire 
and similar trades, every rod of some casts has to be 
checked for segregation to avoid processing materials 
which will give low efficiency in the wire mills, and 
which cannot be used in mining ropes or high quality 
springs or tyre cord. 

As an industry, the wire trade is to-day being squeezed 
between the millstones of shortages and poor quality as 
far as the steel maker is concerned on the one hand, and 
the rightful customer demand for quality and quantity 
on the other. As a technologist concerned solely with 
wire production, I would suggest all is not well with 
steel for this key industry. Quality is needed with 
ample tonnage, not only for the home market con- 
verter, but also for the export market, which is being 
severely hampered by the current and forward position 
of billet supplies. 

I would make it clear that the above comments are 
my personal views, and are not necessarily those of my 
company. 


Yours faithfully, 
C. F. BrRereron. 


Manchester. 
24th February, 1953. 


INCREASED sales and service activities have led to the 
opening of a new branch office by Messrs. Honeywell- 
Brown, Ltd. at 67, Exchange Buildings, Stephenson 
Place, Birmingham, 2. (Telephone : MID 0857). 
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Vertical Furnace 
for Enamelling 


HE advantages of using continuous furnaces for 
Pi operations involving heating and cooling, through 

the same range of temperature, of large numbers 
of articles are well known, and the method has been 
widely employed in the field of vitreous enamelling. A 
recent continental installation incorporates two tower- 
type furnaces which open up new possibilities for 
smaller concerns with a wide range of enamelling work, 
and for large factories, equipped with continuous 
enamelling furnaces, where it is necessary to carry out 
smaller orders of varying sizes. 

The furnace used is a continuous and reversible 
tower-type furnace, designed and built by Messrs. 
Gebr. Ruhstrat, G6éttingen, which requires little floor 
space and is suitable for a wide range of articles of 
different sizes. Its throughput is high, and it can readily 
be adapted to the changing conditions and requirements 
of normal practice. 
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Fig. 2.—Section through a tower-type enamelling 
furnace installation. 


Fig. 1.—-General view of the Gebr. Ruhstrat enamelling 
furnace. 


A section through the furnace is shown in Fig. 2, 
from which it will be seen that the flow of work to be 
enamelled is vertical. The articles are attached to 
vertical lightweight racks which are suspended by steel 
wire ropes from drums at the top of the furnace tower. 
Each drum is driven by a separate motor fitted with 
automatic reversing gear, and by this means the work 
is raised through the preheating zone to the firing zone 
until the motor reverses, lowering it slowly through the 
combined preheating and cooling zone, where some of its 
heat is transferred to incoming work attached to one 
of the other drums. The furnace has, therefore, the 
advantages that the material is slowly preheated and 
cooled, thus minimising distortion, and that the fuel 
consumption is low, advantages which it shares with 
the large continuous conveyor type units. The tem- 
perature range of the furnace extends to 1,000°C., 
heating being effected by easily replaceable electric 
resistors, and the temperature can be pre-set and 
automatically controlled. 

Several racks with independent drum gear can be 
accommodated in each furnace unit and in this way a 
high throughput is attained because the furnace is 
always loaded with material. When enamelling articles 
of small or medium dimensions, all the available furnace 
trays and their suspension gear are used, but for 
enamelling work of exceptionally large dimensions only 
one or two racks are in use. This arrangement makes 
the furnace readily adaptable for dealing with through- 
puts of varying sizes. 


‘Over. 
vere 
bets 
ofa 
‘uly 
on 
ials 
und 
ity 
ita 
ith 
ith 
; 
ing 
ion 
ire 
ny 
II. ane 
: 
145 
March, 1953 


Fig. 3.—-Loading the furnace racks. 


Furnaces of the dimensions shown in Table I have 
been standardised and it will be seen from this and 
from Fig. 1, that very little floor space is taken up by 
these units. Other advantages include the following : 
it is easy to enamel articles of varying size and weight 
at the same time, and to alter the load without any 
inconvenient change of routine ; the operators are not 
exposed to heat; any scale formed drops on to the 
furnace floor: the fuel consumption is low. In illus- 
tration of the last point some particulars can be given 
concerning a furnace of 2 ft. 74in. x 2 ft. 3 in. section. 
When charged with 4 in. thick parts of gas or electric 
stoves, it has a throughput of 8 ewt./hr., with a power 
consumption of 225 kWH./ton, whilst when charged 
with 24 gallon buckets, the throughput is 5} ewt./hr. 
and the power consumption 290 kWH./ton. 20 gauge 
thick front covers of electric stoves can be dealt with 
at a rate of 7 cwt./hr. and a power consumption of 
235 kW./ton. 


TABLE L—STANDARD FURNACE DIMENSIONS. 


Internal Furnace Section in. x 31pin. | 31pin. x 399 in. 39% in. x 47} in. 
Height of Heating Zone .. 4 ft. lin. | 7ft. | 8ft. 3in. 
External Dimensi: | 
Width .. tft. 6in. 5 ft. llin Sft. Sin. 
Length .. 5 ft. 3 in. 6ft. 7in. 8 ft. 10 in. 
Height .. 13 ft. 6 in. 19ft. Oin, | 21 ft. din. 
Maximum Temperature 1,000° C, 1,000° C. 1,000° C. 
kW. Rating .. .. 80 150 200 


In Fig. 3 can be seen the charge and discharge enj 
of the furnace and the room for handling, while Fig, ; 
shows a typical layout of a modern continuous enamellj 

plant incorporating two Ruhsrtat tower furnaces anj 
having a throughput of 1 ton/hr. for single fired war, 
The material arriving from the die presses on a chai 
conveyor is brought to the pickling and rinsing plant, 
and from there it is taken by a continuous convey 
to the automatic spraying booth, being dried on the 
conveyor track. Alternatively, it can be dipped by 
mechanical means and dried in a drying furnace. Afte 
cleaning and checking the work is suspended on th 
vertical racks and passed through the furnace. Other 
combinations for ground and cover firing can easily 
be arranged. Finally, a further conveyor removes the 
enamelled ware to the stores or to the assembly shop, 
where the parts are required. 


-27 +—+ 4 ~ 19 —} % 
78 


(1) Arrival of material from die-presses. (2) Chain conveyor. 
(3) Pickling plant. (4) Discharge station for pickled material. | 
(5) Suspended chain conveyor |. (6) Spraying booths—(a) booth | 
for ground ename!; (b) ditto for cover enamel. (7) Drying | 
conveyor. (8) Cleaning and checking stations. (9) Loading and 
(11) Charge and | 


finished goods. (16) Assembly shop. (17) Stores. (18) Assembly 
bench. (19) Assembly wy (20) Testing bench. (2l) 
Despatch bay. (22) Offices. (23) Laboratory. (24) Desks. (25) 


for 1/2 cwt. (26) Elevator. 
gear for enamelling furnaces. 
Fig. 4.—Layout of continuous enamelling plant 
incorporating two tower-type furnaces. 


METALLURGIA 


~ 
| i= ‘ 
; 
4 
3 
| | | | AE 
nio 
Bez. 
| | | EYE 
| 
= = ame ‘ 
| L noe 
8 
: 

3 ——_———_ $$ discharge gear. (12) Tower enamelling furnaces. (13) Check point | 
Store for finished (15) for partially | 
Grinding mill room, one grinding mill for 1/2 ton ground enamel, 

; two ditto each for 4cwts. white covering enamel, one trial _ 
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sit makes me hopping mad,” complained the Cat on Hot Bricks, 


All they've got to do is to contact Shell-Mex and 


““when they can't even keep the temperature 
constant from one minute to the next. What's | B.P. Ltd., and get the best advice on controlled heat 


wrong with this firm? They ought to use oil fuel. 


ONTROLLED HEAT WITH OIL FUEL 


that anyone could come across in nine lifetimes.’ 
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in any of the specialised spheres of modem 


technology demands— 


Consolidated Knowledge 


Specialist’s Ability 


=a Solid Practical Experience | 


All these qualities are demanded, for 
example, in the many industrial applications 
of PHOSPHATE COATINGS, for 


protection against corrosion, for bonding 


paint to metal surfaces, for reducing wear on | 


moving parts, and for assisting the cold 


working of metals. 


After TWENTY-FIVE YEARS’ experience 
in Britain with our PARKERIZING, 
BONDERIZING and other Processes, 
(twenty-two of them all together) we are 
fully qualified in this important field. We 
have the knowledge and the ability to 
provide you with the most practical and 
economic answers to your phosphating 


needs. Call upon us for advice. 


THE PYRENE COMPANY LIMITED—METAL FINISHING DIVISION 


Great West Road, Brentford, Middlesex 
Telephone EALing 3444 
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Institute of Metals Awards 


W. H. A. Robertson Medal and Premium. The Council 
of the Institute of Metals has awarded the 1952 W. H. A. 
Robertson Medal and a Premium of 50 guineas to Mr. 
J. F. Wateunt, Engineer, West Midlands Gas Board, 
for his paper on “Gas Equipment for the Thermal 
Treatment of Non-Ferrous Metals and Alloys,” pub- 
lished in the Journal of the Institute of Metals, 1952, 
vol. 80, pp. 269-285. The Medal and Premium of 50 
guineas, placed at the Council’s disposal by W. H. A. 
Robertson & Co., Ltd., is awarded annually for the 
encouragement of the writing and publication in the 
Institute’s “‘ Journal ” of papers on engineering aspects 
of non-ferrous metallurgy. Manuscript of such papers 
should be addressed, in the normal way, to The Secretary, 
The Institute of Metals, 4. Grosvenor Gardens, London, 
S.W.1. 

Students’ Essay Prize Competition, 1952. The 
Council had made two awards, of 10 guineas each, for 
essays submitted in connection with the Institute’s 
annual Student’s Essay Prize Competition. The awards 
are to Mr. R. D. Stacey, of the University of Birming- 
ham, for an essay on ‘Some Experimental Evidence 
for Dislocations”; and Mr. G. Tuomas, B.Sc., of 
Cambridge University, for an essay on “ Martensitic 
Transformations in Non-Ferrous Metals and Alloys.” 
Both are Student Members of the Institute. 


Fifth International Mechanical 

Engineering Congress 
THe Fifth International Mechanical Engineering 
Congress will be held in Turin, Italy, from October 9th 
to 15th, 1953, during the Salone Internazional della 
Teenica, so that participants can visit this important 
exhibition. The organisation of the Congress will be in 
the hands of the Associazione Industriali Metallurgici 
Meccanici Affini of Italy, with .the support of the 
Organising Committee, the members of which are also 
the Mechanical Engineering Trade Associations of 
Austria, Belgium, Denmark, Finland, France, Germany, 
Great Britain, Holland, Luxembourg, Norway, Spain, 
Sweden and Switzerland. 

The theme of this year’s Congress is ‘* Production and 
Assembly Methods for Components in Mechanical 
Engineering,”’ the subject being covered both from the 
technical point of view and from the stand-point of 
production costs. In view of the wide scope of this 
theme, it is not intended to consider raw materials, 
measurements, inspection, tests or erection, but to 
concentrate on : 

(a) the technology of manufacture with or without 
chips (machining ; grinding; oxy-acetylene cut- 
ting or erosion; various foundry methods, 
including precision casting ; forging; punching : 
drawing ; powder metallurgy, etc.) ; 

(b) various methods of assembly (welding ; brazing ; 
riveting ; expansion-fitting and ferruling ; bond- 
ing; key fixing: clamping; screw and _ bolt 
fitting, ete.) ; and 

(¢) comparative studies on the different techniques. 

During the period of the Congress, participants will 
have the opportunity of visiting a number of industrial 
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NEWS AND ANNOUNCEMENTS 


establishments in and around Turin, and a study-tour 
has been arranged for the week following the Congress 
when visits will be made to large industrial undertakings 
in Central Italy>~ 

Further particulars can be obtained from The British 
Engineers’ Association, 32, Victoria Street, London, 
S.W.1. 


Mond Nickel Fellowships 


THE Mond Nickel Fellowships Committee now invites 
applications for the award of Mond Nickel Fellowships 
for 1953. The main object of these Fellowships is to 
enable selected applicants of British nationality and 
educated to University degree or equivalent standard 
to obtain additional training and wider experience in 
industrial establishments, at home or abroad ; so that, 
if they are subsequently employed in executive or 
administrative positions in the British metallurgical 
industries, they will be better qualified to appreciate 
the technological significance of research and to apply 
its results. 

There are no age limits, though awards will seldom be 
made to persons over 35 years of age. Each Fellowship 
will occupy one full working year. It is hoped to award 
five Fellowships each year of an approximate value of 
£900 to £1,200 each. 

Applicants will be required to define the programme 
of training in respect of which they are applying for an 
award, as well as particulars of their education, qualifi- 
cations and previous career. Full particulars and forms 
of application can be obtained from: The Secretary, 
Mond Nickel Fellowships Committee, 4, Grosvenor 
Gardens, London, 8.W.1. Completed application forms 
will be required to reach the Secretary of the Committee 
not later than June Ist, 1953. 


Factory Equipment Exhibition 


Tue forthcoming National Factory Equipment Exhi- 
bition at the Royal Horticultural Hall, London, will be 
the first of its type to be held in Europe. Great interest 
has been aroused among manufacturers of equipment 
of all kinds used in factories and offices, and one of 
Britain’s leading industrialists, Sir Miles Thomas, will 
open the exhibition on March 23rd. Sir Miles Thomas 
is well-known as Chairman of B.O.A.C. and past 
President of the Society of Motor Manufacturers and 
of the Advertising Association. H.R.H. The Duke of 
Edinburgh has promised to visit the exhibition on the 
second of the five days it will be open. 

The principal object in holding the show is to stimulate 
the interest of directors, works and factory managers, 
and those concerned with the control of factories or 
works departments, in modern equipment designed to 
increase efficiency and achieve economy in industrial 
activity, and contribute to the safety and welfare of 
workers. So far, exhibits which have been booked to 
appear include mechanical handling equipment, costing 
and accounting systems, safety equipment including 
protective clothing of all types, automatic tools, dust 
removal systems, factory maintenance systems and 
layouts, and workers’ welfare equipment. 
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The Institution of Metallurgists 
1953 Examinations 
THe next Examinations for the Licentiateship and 
Associateship of The Institution of Metallurgists will be 
held from August 24th to September Ist, 1953. Candi- 
dates must submit their applications for permission to 
enter the examinations before May Ist. Each applica- 
tion must be made on a form to be obtained from the 
Registrar-Secretary, The Institution of Metallurgists, 4, 
Grosvenor Gardens, London, S.W.1, and must be 
accompanied by a registration fee of one guinea, the 
balance of the examination fee being payable before 
August Ist. Examinations for the Fellowship will be 
held at the same time and intending candidates should 
apply for permission to enter, submitting, for the 
approval of the Council, a statement of the subject of 
the dissertation or the branch of metallurgy in which 
they offer themselves for examination. 

Further particulars can be obtained from the Registrar- 
Secretary, as can copies of the papers set at the examina- 
tions held in the years 1947-1952, at a cost of Is. per 
set. 


World’s Biggest Blast Furnace Ordered 
PRECISELY 25 years after the setting up by Ashmore, 
Benson, Pease & Co., Ltd., of the Blast Furnace Division, 
under the management of Major W. R. Brown, D.S.O., 
now Senior Director of the Company, an order was 
received recently from the Steel Company of Wales for 
the construction of the largest blast furnace built 
anywhere in the world. No more than ten years ago, 
the idea of building such a furnace outside the United 
States, which has a total output of iron some five times 
that of this country, would have been regarded as 
fantastic. That the industry is prepared to embark upon 
such a project is a tribute to the courage of its leaders. 
During the last ten years, 20 blast furnaces have been 
ordered from Ashmore, Benson, Pease, and of these, 
13 are already producing 3,500,000 tons of pig iron 
annually for the enrichment of the British Empire, 
while the remaining seven, destined for British works, 
will add a further 2,000,000 tons of iron each year to 
meet the needs of modern industry. The orders in hand 
for blast furnaces and ancillary equipment total nearly 
£10,000,000 and will provide a large volume of work for 
the firm’s workshops. To meet this anticipated increase, 
the fabricating facilities were greatly expanded with the 
construction of the new South Works in 1951. 


Institute of Metal Finishing 

Organic Finishing Group 
As announced in an earlier issue, the Inaugural Meeting 
of the newly-formed Organic Finishing Group of the 
Institute of Metal Finishing will be held at the Charing 
Cross Hotel on Thursday, March 19th, 1953. A short 
business meeting at 2-30 p.m., the main purpose of 
which is to elect the Committee which is to organise the 
first year of the Group’s activities, will be followed by a 
technical session at which two papers will be presented 
for discussion. They are: ‘‘ Problems of Paint Applica- 
tion,” by Mr. A. A. B. Harvey (Messrs. Briggs Motor 
Bodies, Ltd.); and “ Problems of Dip and Spray 
Painting,’ by Mr. D. H. Lloyd (Messrs. Fisher & 
Ludlow, Ltd.). 


Personal News 


Mr. M. W. Turtne has been appointed an Assistant 
Director of Research of the British Iron and Stee 
Research Association. He will continue as Head of the 
Association’s Physics Department. 

THE appointments are announced by The General 
Electric Co., Ltd., of Mr. F. R. Livock as Controller. 
Education and Personnel Services ; and of Mr. G. B. L, 
CHIVERS as Staff Manager of the Sales Organisation. 
Mr. H. E. Crive, O.B.E., and Mr. J. T. Smirn, retired 
recently from the Board of the Metals Division of 
Imperial Chemical Industries, Ltd., after 42 and 30 
years service with the Company and its predecessors. 
METROPOLITAN-VICKERS ELEcTRICAL Co., 
announces that Mr. C. H. Fiurscnerm, Chief Engineer, 
Switchgear Department, has been appointed Assistant 
Chief Electrical Engineer in addition to his present 
duties. : 

Mr. P. B. Hicerns has been appointed to the Board of [ 
Specialloid, Ltd. ; Mr. R. H. Matysworrtn, Director and 
General Manager, is now Managing Director, and Mr. 
T. O. Hunt, Chief Designer and Technical Manager, has 
become Technical Director. 

Mr. J. D. Duntop, M.C., Works Manager of the Lan. 
cashire and Corby Steel Manufacturing Co., Ltd., is to 
join the technical sales staff of Sir W. G. Armstrong 
Whitworth & Co. (Ironfounders), Ltd., and will be 
attached to the office at 6, St. Alban’s Street, London, 
8.W.1. 

Mr. Ivan STEDEFORD, Chairman of Tube Investments, 
Ltd., recently visited South Africa for consultations 
with associate and subsidiary companies, and to observe 
at first hand general industrial trends in the Union. 
During bis stay, he also visited Rhodesia. 

Mr. A. Horner, Director and General Manager of 
Darlington & Simpson Rolling Millis, Ltd., has been 
appointed Managing Director. 
METROPOLITAN-VICKERS ELEcTRICAL Co., 
announces that Mr. H. 8S. Carrer has been appointed 
Sales Manager, Heating and Welding Department, 
which has been formed to co-ordinate the sales of heating 
elements—including radiant boiling plates and infra-red 
equipment—radio frequency heaters, induction furnaces, 
welding equipment and electrodes. 


. Obituary 
WE regret to record the deaths of the following : 


Mr. A. P. Goop, Deputy-Chairman of the Brush Aboe 
Group of Companies, who died in South Africa on 
February 10th, at the age of 46, after a long illness. 
Mr. J. Taytor, of the Patent Die Casting Co., Ltd., who 
died in London, on February 12th. Mr. Taylor was one 
of the founder members of the Zine Alloy Die Casters’ 
Association, and a member of Council since its formation 
in 1942. 

Mr. Ernest B. Hatt, Chairman and Governing Director 
of Hall & Pickles, Ltd., who died on February 11th. 
Mr. Hall was an adviser to the Iron and Steel Control 
during the war. 

Mr. Dovuetas Jepson, Head of the Metallurgy Depart- 
ment of the College of Technology, Birmingham, who 
died on February 24th, after a brief illness. 
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MATERIALS : 


neral 

Gang Slitting Machine 

* Butt to give absolute precision in operation, the Besco 
7 Production Model No. 36 Gang Slitter embodies the 
feat to ducti 
ne essential modern features, necessary to mass production 
1 3 technique, of faster and more efficient feeding, with 
. accurate cutter maintenance. The machine has been 
¢ designed with practical forethought for introduction 
TD., into existing production lines and the grinding attach- 
-_ ment, cutters and hubs are interchangeable in some 
tant cases with similar equipment produced by other well 
= known machinery manufacturers. 


Simple to operate, this machine can handle sheets 


d of up to 36 in. wide, and will slit lithographed and other 
and tin plate, with accurate parallel cuts, up to 60 sheets 
MR. per minute, according to the operator’s skill. Its speedy 


performance and ease of adaptability for the cutting 
of blanks for all kinds of metal packs makes it eminently 
suitable for installation in can making lines where 


an- 
3 to frequent changes in size are required. Mild steel sheet 
ong up to a maximum thickness of 0-0375 in. can also be 
be cut with fewer cuts per operation. 

on, Constructed to endure long working periods at high 


output rates, the machine is manufactured with the 
table, a heavily ribbed casting with a precisely machined 


its, 
ons flat top surface, superimposed upon a rigid box section 
rve cast iron stand of ample strength for complete steadiness 
on. while running. The machine is arranged so that it can 
be driven by belt from a line shaft or by a self-contained 
of motor with drive and machine cut gears adequately 
en guarded by sheet metal covers. All working parts, 
drive gears, clutch, etc., with the exception of the gears 
. for driving the feed-in rolls are positioned on the left 
od hand side of the machine. 
it The shearing cutters are of high grade alloy steel, 
‘ with double edges, ground with uniform accuracy, to 
| an angle of 14° to 3°, from the outside edge towards the 
centre, the variation of grinding angle depending upon 
the hardness of the material which is to be cut. These 
cutters are attached by countersunk screws to the hub, 
this being locked on the shaft by a method which 
ensures long cutter life and accurate cutting. Should 
one side of the cutters become dulled they can be mated 
with either the inside or outside cutting edge, thus 
providing a double life for each cutter and a ready 
e answer should one edge become dull. 
n An electrical grinding attachment can be supplied, 


and this may be said to be essential equipment because 
the cutters must be ground with uniform accuracy and 
this can only be achieved on the machine. The grinding 
apparatus fits to the rear of the machine, after removal 
of the feed-out rolls, and the grinding of the cutters 
takes place in situ. 

Feed rolls, for fixing in front of the cutters, can be 
supplied if required. These are a special feature of the 
machine and greatly increase feeding efficiency in 
slitting, preventing twisting of the metal during cutting 
operations, particularly while cutting very narrow 
strips. Guide fingers, with finger bars can be supplied, 
for supporting the metal in position while slitting. 
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RECENT DEVELOPMENTS 


PROCESSES : 


EQUIPMENT 


These are not necessary if front rolls are used. Feed 
out rolls are fitted to the rear of the machine and easy 
access is provided to the fixing screws of the bearings 
when the necessity of grinding the cutters makes 
removal of the rolls essential. All rolls are of high grade 
alloy steel, heat treated and precision ground, and 
ample means of lubrication are provided. 

F. J. Edwards Ltd., 359-361, Euston Road, London, 

N.W.1. 


Non-Photographic Filters 

For more than 40 years, Wratten Light Filters have 
been supplied by Kodak, Ltd., for various scientific 
purposes. Chief of these has been in connection with photo- 
graphy, and the filters have, therefore, normally been 
catalogued from the point of view of the photographer. 
Photographers and users of photographic techniques are 
not alone in their need for reliable light filters, however, 
and Kodak technicians have, during the past two or 
three years, devised new methods for the production of 
filters designed to cater for the specific needs of customers 
in terms of spectral transmission, size and finish. These 
Non-Photographic Filters can be supplied for use in 
laboratory instruments such as photo-electric absorp- 
tiometers, colorimeters and other scientific apparatus, 
or for work of a much less accurate nature. 

Basically, these filters consist of a sheet of glass coated 
with a dyed gelatine layer, and can be supplied cut into 
squares or circles, and, if required, cover glasses can be 
bound on to them with good quality self-adhesive 
binding tape. When filters are required to withstand 
temperature or atmospheric changes, or are likely to be 
subjected to handling, they can be protected with a 
cemented cover glass, the special heat-resisting plastic 
cement used being suitable for withstanding tempera- 
tures up to 60°C. 

Kodak Non-Photographic Filters are only produced in 
response to special demands, and are not normally held 
in stock, their supply being arranged as a result of 
negotiations between customer and maker. Occasionally 
a little stock remains when an order has been completed. 

Kodak, Ltd., Industrial Sales Division, Kodak 

House, Kingsway, London, W.C.2. 
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Temperature Indicating Paints and 
Crayons 

Tue B.A.S.F. Thermocolour temperature indicating 
materials are colours which have the characteristic 
property of changing when certain temperatures are 
exceeded. Increases in temperature do not cause 
merely slight alterations in shade of the original colour, 
a distinctly visible colour change takes place, and as 
the changed colours normally do not recede on cooling, 
observations may be made at any time after the con- 
clusion of the temperature rise. Some of the Thermo- 
colours undergo one colour change whereas others 
undergo successive ones. 

The colour powders are applied in the form of a paint 
with industrial methylated spirit, and 1 lb. of colour is 
sufficient for 5-74 sq. yd. of surface. The adhesion of 
the coat is in itself satisfactory, but if particularly good 
adhesion is desired it can be obtained by the addition 
of a special binding agent. 

Because of their nature. Thermocolour brands in 
general cannot be used under water or in steam, and 
certain gases affect some of the colours. Atmospheric 
moisture causes the changed colours of certain grades 
to recede gradually. If these particular colours are 
damped, the colour recedes rapidly and the original 
colours reappear; they can then be used again for 
indicating temperatures. 

Further additions to the range of temperature 
indicating products are the A. W. Faber Thermochrom 
Crayons. These embrace a temperature range from 
65° to 670°C. and their handy form, packed in boxes 
of 12 or 15, make them convenient for carrying around 
during the day’s work in the factory or laboratory. 

Allied Colloids (Bradford) Lid., 11, Great St. Thomas 

Apostle, Queen Street, London, E.C A. 


Vacuum Gauge 
THE type 511 Alphatron* Vacuum Gauge is a refinement 
of earlier models which for the past eight years have 
established a reputation for accurate, dependable 
performance in laboratory, pilot plant, and industrial 
uses. The principle of operation is related to the 
conventional hot filament ionisation gauge, with the 
important difference that the Alphatron gauge employs 
a shielded radioactive source instead of a hot filament. 
Alpha particles ionise the gas, and the ionisation 
current produced is measured by a D.C. amplifier which 


® Registered Trade Mark. 


is calibrated to give absolute pressure in millimeter 
of mercury. 

The sensing element and first stage amplifier ay 
housed in a steel envelope which weighs only fow 
ounces. Attachment to the vacuum system is made by 
a Lin. standard pipe thread tubulation. The powe 
supply, high stage amplifier, range selector, and output 
meter are incorporated in a compact stainless ste 
housing weighing seven pounds. Dependence on outside 
power supply which is subject to fluctuation is eliminated 
by the use of readily available batteries. The use of 
batteries also eliminates an expensive regulated direct 
current power supply and substantially reduces the cos 
of the gauge. 

Among the improvements which have been incor. 
porated in the new unit is a greatly increased range, 
Linear indications of total pressure are provided between 
1,000 millimeters and 10-* millimeters by ranges as 
follows :— 


Range Smallest Division Range Smaller Division 
0-1,000 mm. 0-1 mm. 1) =mm. 0-OL mm. 
100mm. mm. 1 mm. 0-001 mm. 
10mm. 0-1-01 mm. 0-1 mm, 0-0001 mm. 


Accuracy is + 2%, of full scale. Speed of response to 
pressure changes is instantaneous, making the gauge 
useful also as a leak detector. The Alphatron ionisation 
chamber is far less sensitive to contamination than hot 
filament or thermo-conductivity types of gauge chambers 
and, when heavy contamination resulting from unusual 
operating conditions does occur, cleaning is accomplished 
simply by flushing with a suitable solvent. 

Type 511 Alphatron gauge is particularly useful on 
vacuum coating units, furnaces, stills, drying and 
impregnating units, test chambers, and pumping 
systems; it is equally versatile as a_ laboratory 
instrument. 


National Research Corporation, Seventy Memorial 
Drive, Cambridqe, Massachusetts, U.S.A. 


Three-Phase Balancer 


CERTAIN types of electrical apparatus, such as resistance 
welders, arc welders, furnaces, etc., are only suitable for 
use on two of the usual three-phase supply wires, which 
is a matter of concern to electric supply authorities and 
works engineers. Various attempts have been made to 
solve the problem, and a simple device has recently 
been designed, the S.R.W. balancer unit, which, under 
the most exacting tests, has proved its ability to give 
an equally balanced load on all three phases, and a high 
degree of power factor correction. 

The load balancer unit made by Standard Resistance 
Welders, Ltd., is of neat and compact design, and 
consists of a combination of small reactors, chokes and 
condenser units, assembled in a robust fabricated frame 
which also houses the contactor. All parts are accessible 
and its outstanding features are that it cannot be over- 
loaded, it has no moving parts, and it requires no 
maintenance. Other notable points are that the heat 
control at the welding electrodes is infinitely variable | 
and automatic, thus no tappings on the machine 
transformer are necessary. The unit can be designed 
for use on any multi-phase system and voltages, and it 
can be installed in a position remote from the welder. 


Standard Resistance Welders Limited, Mucklow Hill, 
Halesowen, Near Birmingham. 
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Book Reviews 


MAN AND THE CHEMICAL ELEMENTS 
From Stronr-AGE HEARTH TO CYCLOTRON 


354 pp. including indices. London, 


By J. Newton Friend. 
27s. 6d. net. 


1951. Charles Griffin & Co., Ltd. 


De. Newton Frrenpd is already justly famed as a 
technical writer possessing a pleasing style happily 
blended with wide erudition; the present volume is 
readable, instructive and entertaining and contains not 
only standard textbook chemistry (presented in a most 
original manner) but also much collateral information 
which cannot fail to grip the imagination of the chemist 
or metallurgist interested in the development of his 
science. 

The author is particularly concerned with the history 
of the extraction, identification and classification of the 
elements and in gathering information has cast his net 
widely as the copious references to astonishingly varied 
sources will bear witness. The grouping of the elements 
is sometimes unorthodox and to be commended in a 
work of this nature. Thus oxygen, nitrogen and hydro- 
gen are classed together as ‘* The Permanent Gases ” and 
mercury is treated with lead and tin (“The Heavy 
Metals ’’). 

The story of each element unfolds itself in dramatic 
fashion with a wealth of interesting and occasionally 
amusing anecdote ; in discussing elements, and particu- 
iarly metals, known to the ancients, much data has been 
drawn from Biblical and Egyptian sources. In the final 
section of the chapter on carbon the reader is treated to 
a concise history of the more famous diamonds, of which 
the ill-starred Hope diamond is perhaps the best known. 

The title of the book might suggest a general survey 
designed primarily for the enquiring layman; it may 
well be that non-technical readers could derive con- 
siderable instruction and entertainment from a study 
of these pages, but in the opinion of the reviewer this 
work should be regarded as an historical study calculated 
to refresh the memory and stimulate the enthusiasm of 
the trained scientific worker. 

Most students will, on occasion, have paused for a 
while in their study of the facts and theories of their 
subject to ponder on the habits and characters of the 
early workers who laid the foundations of the compli- 
cated scientific edifice which stands so firmly to-day. 
The names of Berzelius, Davy, Bunsen and other 
pioneers frequently recur and many obscure details 
relating to their lives and work are introduced into the 
main theme without any sense of irrelevance. Thus 
these great names are more easily associated in the mind 
with real people when we read of Wohler temporarily 
suspending his investigation of vanadinite (owing to a 
temporary indisposition consequent on the inhalation of 
hydrofluoric acid vapour) and losing, as a result, priority 
in the discovery of vanadium. Other references which 
possess a similar human quality may be cited; for 
example the merchant Brand, who discovered phos- 
phorus in urine (when looking for gold and so indirectly 
achieving his aim) and used to hide in the Hartz 
mountains lest his secret should be discovered, and 
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Count Rumford who took for wife the widow of the 
executed Lavoisier. 

Dr. Friend indulges in a number of major digressions 
from the main theme which go to enhance the general 
appeal ; in discussing the uses of mercury, several pages 
are devoted to the development of the thermometer and 
the various scales of temperature, and in the section on 
hydrogen there is included an account of the development 
of the balloon from the time when Joseph Black 
mystified his friends by exhibiting an inflated calf’s 
bladder which rose unaided to the ceiling. 

It would be churlish to make petty criticisms of what 
is an admirable study of a very wide field but it should 
be mentioned that magnesium base alloys (p. 152) 
rarely, if ever nowadays, contain copper as an alloying 
element (in fact copper is regarded as a dangerous 
impurity) and the use of cadmium base alloys is so 
restricted by the scarcity and cost of the metal that 
their application in automobile fittings is certainly not 
common (p. 159). 

The final section of the book is devoted, most 
appropriately, to a brief survey of the radioactive 
elements and the methods used in the preparation of 
the transuranic elements. 

C. J. Busnrop. 


SPECTROGRAPHIC ANALYSIS OF LOW-ALLOY 


STEELS 
A report of the British Iron and Steel Research Association 

published as Iron and Steel Institute Special Report No. 47. 

83 pp. 18 illustrations. Cloth boards. Price 15s. (7s. 6d. to 

members of the Institute). 

THE variations in spectrographic technique employed 
in different laboratories for the analysis of iron and 
steel have been examined by the Spectrographic Analysis 
Sub-Committee of the British Iron and Steel Research 
Association. Based on the most successful of the 
alternative procedures examined, a recommended method 
for the spectrographic analysis of low-alloy steels has 
been drawn up and given extensive trials on a series of 
chemically analysed standards, with very satisfactory 
results. A description of this method, which uses a 
large dispersion quartz prism instrument with a con- 
densed spark discharge for excitation of the samples, 
forms the last part of this book. 

The method is applicable to the analysis of low-alloy 
steels with an iron content of 95°, + 1%; for compo- 
sitions outside this range a correction is necessary. 
The elements which may be determined and the 
concentration ranges covered are :— 


Element Concentration 
Range, % 

Silicon .. 0-95-0- 80 
Manganese .. 0-05-1-50 
Nickel 0-10-5-00 
Chromium 0-05-3-00 
Molybdenum 0-05-1-50 
Vanadium 0-03-0-65 
Copper 0-05-0-50 


Recommended line pairs are given for each element. 
Standard deviations are given for various concentrations 
within these ranges and show good reproducibility 
which, the report states, was not improved by the use 
of controlled sources of excitation. 
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The first part of the book presents the information 
upon which the standard method was based, giving in 
some cases alternative procedures or accessories while 
theoretical considerations and detailed operating instruc- 
tions are included where necessary. The chapter 
headings in this part of the book are : The Spectrograph, 
Electrodes, Excitation Sources, Photographic Plates 
and Processing, Plate Calibration, Photometry, Spectral 
Line Pairs, Direct Reading. 


Trade Publications 


A eoop deal has been learnt of the behaviour of alum- 
inium paints in all conditions of exposure since the 
publication of ** Noral Paste for Paint,’ and there have 
been considerable advances in formulation and manu- 
facture. In the latest Northern Aluminium book 
** Alpaste,”’ which is addressed to the user as well as to 
the paint technologist, there is, therefore, much that is 
new. It contains chapters on manufacture, properties, 
and methods of application to a wide variety of surfaces, 
and a special study is made of printing with aluminium 
inks, subjects discussed including both esthetic and 
practical aspects of the design of matter to be printed, 
papers to be used, formulation of inks, and the technique 
to be adopted in the actual printing. Copies may be 
obtained from Northern Aluminium Co., Ltd., Banbury, 
Oxfordshire. 

Tue Aluminium Development Association Directory of 
Members gives the names of Members of Council, a brief 
statement of the constitution and objects of the Asso- 
ciation, and the names, addresses and other particulars 
of its Member Companies, including, where applicable, 
associate or subsidiary companies. In each case, a 
short description is given of the activities and products 
of the company. By means of a classified index, readers 
are referred to all Member Companies producing a 
particular product. 


CrucrtBLe furnaces of various types and capacities are 
featured in a series of leaflets issued recently by The 
Morgan Crucible Co., Ltd., Battersea Church Road, 
London, 8.W.11. The first concerns central axis tilting 
furnaces which can be supplied for oil or gas firing ; 
except for the smaller sizes, power tilting is available if 
required. The type LO oil-or-gas-fired lift out crucible 
furnaces detailed in the second leaflet have been designed 
to meet the need for a general purpose melting unit to 
handle a variety of small charges in the foundry with the 
maximum efficiency and economy. Lastly, there are 
the bale-out crucible furnaces designed and engineered 
specifically for the die casting industry. These furnaces 
are available for oil, gas or coke firing. 


B.A. ALUMINIUM PasTE is the subject of a new publica- 
tion of The British Aluminium Co., Ltd., Norfolk House, 
St. James’s Square, London. 8.W.1. Aluminium pig- 
ment in the form of dry flake powder has been in comm- 
ercial production for over fifty years, but it is only during 
the last twenty years that the paste form has become 
available. Its outstanding advantage over flake powder 
has no doubt been responsible for the increased popu- 
larity of aluminium paint. The publication opens with 
a discussion of the general characteristics of aluminium 
paint which are of particular value in the surface protec- 
tion of metal, wood, brick, plaster, concrete, etc., and 
includes illustrations of the wide range of uses for 


aluminium paint. Information follows on types of 
aluminium paint, recommended painting technique, and 
the properties, storage, and testing of aluminium paste, 


Books Received 


“ Ferrous Analysis—-Modern Practice and Theory,” 
Second edition revised. By E. C. Pigott. 690 pp. ine. 
appendices, index and 65 illustrations. London, 1953. 
Chapman & Hall, Ltd. 84s. net. 


“ Hydrometallurgy of Base Metals.” By George DP, 
Van Arsdale. Prepared with the assistance of the Dor 
Company Staff. 370 pp. New York, Toronto and 
London, 1953. MeGraw-Hill Book Co., Ine. $950 
or 8ls. 


“ Industrial Brazing.” By H. R. Brooker and E. Y. 
Beatson. 344 pp. inc. 203 diagrams and photographs 
and 32 tables. Published for “‘ Welding and Metal 
Fabrication.” London, 1953. Iliffe & Sons, Ltd. 
35s. net. 


“The Welding of Austenitic Corrosion-and Heat. 
Resisting Steels." Compiled by the British Welding 
Research Association in collaboration with British 
Chemical Plant Manufacturers’ Association, The British 
Electrical and Allied Manufacturers’ Association, Council 
of British Manufacturers of Petroleum Equipment, 
The Society of British Aircraft Constructors, Ltd, 
Stainless Steel Fabricators’ Association of Great Britain 
and The Stainless Steel Manufacturers’ Association. 
With a Foreword by Sir Ben Lockspeiser, K.C.B., M.A, 
M.I.Mech.E., F.R.Ae.S., F.R.S. 207 pp. ine. appendices, 
index and numerous illustrations. London, 1953. 7 
British Welding Research Association. 27s 6d. 


“Equipment for the Thermal Treatment of Non- 
Ferrous Metals and Alloys.’”” A Symposium on Metal 
lurgical Aspects of the Subject, held in London on the 
occasion of the Annual General Meeting of The Institute 
of Metals, March 26th, 1952. 
graph and Report Series No. 14. 104 pp. London, 1953. 
The Institute of Metals. 15s. or $2.50. 


“ Oxidation of Metals and Alloys.” By O. Kuba 
schewski, Dr.phil.habil., and B. E. Hopkins, M.Sc. 
239 pp. inc. indices and numerous illustrations. London, 7 
1953. Butterworths Scientific Publications. 35s. net. 
By post Is. extra. ; 

Progress in Metal Physics ””—Vol. 4. Edited by 
Bruce Chalmers, D.Se., Ph.D. 403 pp. ine. indices. 
London, 1953. Pergamon Press, Ltd. 60s. 


“The Casting of Non-Ferrous Ingots.” 
Aitchison, D.Met., M.Sc., F.R.LC., 


By Leslie 


M.I.Mech.E., and Voya Kondic, B.Se., Ph.D. 370 pp. 
inc. index and 71 illustrations. London, 1953. 


Macdonald & Evans, Ltd. 42s. 


The Metco Metallizing Handbook. By H. 8. Ingham 
and A. P. Shepherd. 249 pp. Published by Metallizing 


Engineering Co., Inc., Long Island City 1, N.Y., U.S.A. § 


In Great Britain by Metallizing Equipment Co., Ltd. 
Chobham. 

“Higher Industrial Production with Electricity.” 
Electricity and Productivity Series, No. 1. 146 pp. 
inc. index and 104 illustrations. London, 1953. British 
Electrical Development Association. 
post 9s. 
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New Titanium-Boron Alloy Steel 
By John L. Everhart 


i addition to their strategic value, 
ferritic materials have other 


characteristics which make them 
attractive for moderately elevated 
temperature service. These include 


higher thermal conductivity, lower 
coefficients of expansion, and greater 
ease of fabrication than the more 
highly alloyed austenitic steels: they 
can also be inspected by magnetic 
particle methods. 

During an investigation undertaken 
to develop suitable low alloy steels for 
this service, the high-temperature creep 
and rupture properties of several steels, 
including six special ferritic and five 
stainless steels, were determined. While 
the chromium-molybdenum and 
chromium-molybdenum-vanadium 
steels had the highest strengths of the 
standard low-alloy compositions in the 
800-1,200° F. range, it was found that 
nitrogen, titanium and boron were 
more effective in increasing the high- 
temperature strength of ferritic steels 
than were the more familiar elements. 

An intensive study on 30 lb. labora- 
tory melts of the titanium-boron steels 
with a number of alloy additions 
showed that those having a titanium : 
carbon ratio of 2-4 were superior to 
those in which the ratio was higher. 
Creep and rupture strengths at 1,200°F. 
increased continuously with increasing 
carbon up to 0-2%, the maximum 
investigated. Titanium-boron alloys 
containing 2-3% chromium and 1% 
molybdenum had the best properties 
of all the alloys investigated. It was 
determined that : (1) boron variations 
from 0-01% to 0-1% had no significant 
effects on the high-temperature proper- 
ties at 1,200°F.; (2) molybdenum 
was most effective in improving the 
hot strength of the titanium-boron 


From Materials and Methods, Sept. 1952, 96-98. 


steels; and (3) chromium provided 
resistance to scaling and oxidation. 
It was found in this investigation that 
tungsten and vanadium added to the 
3% chromium-1% molybdenum- 
titanium-boron steels to a maximum 
of 0-15%, individually or in combina- 
tion, gave only a minor improvement 
in creep and rupture strength. 

Using these results as a guide, a 
600 Ib. commercial heat of 3% Cr-1% 
Mo-Ti-B steel, having a titanium: 
carbon ratio of 2, was produced for the 
investigation of the high-temperature 
properties. The low titanium : carbon 
ratio introduced a problem, because it 
has been determined that high-boron 
steels which do not contain sufficient 
titanium to stabilise the carbon have a 
tendency towards red shortness. By 
limiting the hot-working temperature 
to 1,850° F., it was possible to over- 
come the anticipated trouble, and to 
forge and roll the alloy into sheet 
without difficulty. The room tempera- 
ture tensile properties of the steel were 
high enough to meet the room tem- 
perature requirements for gas turbine 
wheels. 

To develop the desired high- 
temperature properties in the Cr-Mo- 
Ti-B steels, suitable heat treatment is 
necessary. Temperatures must be 
sufficiently high to austenitise the 
steel completely and, in addition, 
allow maximum solution of the 


titanium, boron and carbides: thus, 
the steel must be heated to 1,900— 
2,100° F. In sheet form, full hardness 
can be obtained by cooling in air from 
the normalising temperature. 

Creep tests were carried out at 
several temperatures to determine the 
rate of deformation as compared with 
other materials. It was found that for 
1%, deformation in 50 hours at 1,200° 
F., the Cr-Mo-Ti-B steel supports a 
higher stress than any of the annealed 
stainless steels under the same condi- 
tions. For 1% deformation in periods 
up to 1,000 hours at 1,200° F., this 
alloy is superior to any of the low-alloy 
steels investigated and to some of the 
highly-alloyed steels. Rupture tests 
gave similar results. 

Because of the low alloy content of 
the Ti-B steels, they are not notably 
resistant to corrosion or oxidation at 
high temperatures. At 1,200° F. for 
periods of several hundred hours, air 
oxidation is not prohibitive for sheet 
stock of the 3% Cr-1% Mo-Ti-B 
composition, but at higher tempera- 
tures scaling becomes a_ significant 
factor in causing premature failure, 
and tests were made with ceramic- 
coated samples to secure protection 
from oxidation. No superiority in 
strength was found with these coated 
samples at temperatures up to 1,200°F. 
but, at 1,400° F., the coated material 
was definitely superior to the uncoated 
sheet. 

An evaluation was made of the effect 
of welding on the high-temperature 
rupture properties of the 3% Cr-1% 
Mo-Ti-B steel. Welds were made by 
the inert-gas-shielded are process using 


TENSILE PROPERTIES OF 6001lb. HEAT OF 3% Cr-1% Mo-Ti-B SHEET 


Tensile Yield Elonga- 
Composition Condition Strength | Strength tion on 
% Ib./sq. in. | Ib./sq.in. | 2 in. % 
Carbon 0-065 Normalised 1,900° F. 127,500 105,000 5 
Manganese 0-34 
Molybdenum .. 1-06 Normalised 2,100° F. 124,000 96,500 7 
Boron 0-022 
Silicon 0-28 Preheated at 2,100° F., 143,000 110,000 9 
Chromium 2-91 hot-rolled at 1,850° F, 
Titanium 0-14 


COMPARISON OF CREEP AND RUPTURE PROPERTIES OF 3% Cr-1% Mo-Ti-B STEEL at 1,200°F. 


Material 


Heat Treatment 


Stress (Ib./sq. in.) for 1% Creep 


in: Stress (Ib./sq. in.) for Rupture in: 


100 hr. 300 hr. 


1 hr. 10 hr. 100 hr. 300 hr. 1 hr. 10 hr. 
3% Or-1% Mo-Ti-B*® .. 2,100° F. - apteagen, 50,000 40,500 22,000 15,000 52,100 42,000 28,000 17,500 
air-cooled. 
3% Cr-1% Mo-Ti-B* .. Preheated at 2,100° F. — 43,000 23,000 16,000 _ 47,000 26,000 18,000 
Hot rolled at 1,850° FP. 
18% Cr-8% Ni .. .. Annealed 17,000 16,500 16,200 16,000 388,000 $1,000 21,000 17,000 
18% Cr-13% Ni-2% Mo Annealed 17,000 17,000 17,000 16,500 37,000 33,000 28,000 25,500 


* 600 Ib. heat. 
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a copper back-up strip to minimise the 
formation of a heat tempered zone. 
Although the welded-joint —high- 
temperature rupture strengths were 
not equivalent to the parent metal, 
they were quite high. Since the 
failures were confined to the weld 
metal, further investigation of welding 


procedures and filler rods might result 
in improved welds. 

The development of these alloys was 
carried out at the Cornell Aeronantical 
Laboratory in collaboration with the 
Research Laboratory, Titanium Alloy 
Manufacturing Division, National Lead 
Company. 


Hafnium Metal—Its Properties 


and Future 
By John L. Everhart 


SERIES of new metals has been 
produced in ductile form in recent 
years. Some, like titanium and zir- 
conium, have reached the commercial 
stage, others are just leaving the 
laboratory. Among the latter is 
hafnium, a metal isolated 30 years ago, 
a laboratory curiosity two years ago, 
and now in production by the iodide 
process in rods weighing up to 12 lb. 
Hafnium and zirconium occur to- 
gether in ores, the hafnium content of 
the ore generally ranging from 0-2 to 
15%, of the zirconium content. Many 
of the properties of hafnium and 
zirconium are similar, and separation 
is difficult but can be accomplished by 
chemical means. After such separa- 
tion, metallic hafnium is obtainable by 
the methods which are used for 
zirconium: that is by the iodide and 
Kroll processes. Iodide hafnium con- 
tains less than 1°, zirconium and, like 
zirconium, it combines with all the 
noble gases. Oxygen dissolves in the 
metal, and, in sufficient quantities, 
makes it permanently brittle. Since 
hafnium is so reactive no deoxidisers 
are known, and careful melting prac- 
tice is necessary to obtain ductile 
material. The crystal bar obtained in 
the iodide process can be melted in an 
are furnace under argon to obtain 
massive hafnium suitable for further 
working. When the metal has been 
obtained in massive form, the rate of 
oxidation is sufficiently low to permit 


From Materials and Methods, Woveusber, 1952, 
95-97. 


TABLE I.—COMPARATIVE PROPERTIES OF 


feu. in. 
Melting Point—*F. 


Thermal Conductivity—B.t. u. /sq. ft./ft./hr./°F. at 
2° F. 


212° tay 
Coefficient of Exp: ansion pe r °F. at 70°F... 
Specific Heat—B.t.u./Ib./°F. ‘ on 
Electrical Resistance—Microhm-cm. 
Electrical Conductivity —% LA.C.S. 
Modulus of Elasticity in Tension—Ib. sq. in. 


hot working in air, and, by a com- 
bination of hot and cold working, the 
metal has been produced in the form 
of sheet and wire. 

Some of the properties of iodide 
hafnium are given in Table I which 
also includes properties of zirconium 
and titanium for comparison. 

Little information is available on 
the mechanical properties of hafnium. 
The crystal bar has a hardness, as 
deposited, of about Rockwell B78, and 
after arc melting and annealing, the 
material has about the same hardness. 
In a material which has been cold- 
worked to 60°, reduction, the Rockwell 
B hardness increases to 102. 

The oxidation resistance is impor- 
tant for determining suitable conditions 
for hot working and possibly for high 
temperature service. Tests made in 
still air showed that at 1,380° F. 
hafnium and zirconium oxidised at 
approximately the same rate, but at 
1,650° F. the rate of oxidation of 
hafnium was only about half that of 
zirconium. 

The corrosion resistance of hafnium 
is still under investigation. In general, 
its resistance to mineral acids more 
nearly resembles titanium than zir- 
conium. All three materials are 
approximately equally resistant to 
10% sulphuric acid, while hafnium is 
superior to the others in resistance to 
a one-to-one mixture of hydrochloric 
and sulphuric acids. The three metals 
show excellent resistance to a 20% 
sodium chloride solution, although 


HAFNIUM, ZIRCONIUM AND TITANIUM. 


Hafnium Zirconium Titanium 
0-47 0-24 0-16 
3,590 3,355 3,140 

9-6 8-1 

3-4 x 3-1 x 5-0 x 

0-035 0-069 0-13 
30 40 60 
5-7 4°3 3-1 

20,000,000 14,000,000 15,000,000 


hafnium is the least resistant of the 
group. In its resistance to 50°, 
sodium hydroxide, hafnium is superior 
to titanium but inferior to zirconium, 
which shows no weight loss under the 
conditions of the test. These initia! 
results indicate that hafnium has 
promising characteristics for use in 
corrosive environments, although prob. 
ably only in specialised applications, 
since the metal is likely to be available 
in limited quantities only. 

The crystal structure of hafnium js 
similar to that of magnesium. It can 
be hot worked in air at 1,650°F, 
without protection, and it should be 
possible to hot forge the metal by 
procedures similar to those employed 
with zirconium. The crystal structure 
changes at 2,400° F. from hexagonal 
close packed (the room temperature 
modification) to body centered cubic. 
This transformation is similar to that 
which occurs in zirconium at 1,580° F. 
and in titanium at 1,625° F. Thus, 
the room temperature modification of 
hafnium is stable to much higher 
temperatures than that of zirconium 
and titanium. 

Cold-worked hafnium can be conm- 
pletely recrystallised by heating to 
1,435° F. Annealing should be carried 
out at a somewhat higher temperature, 
for example, 1,550° F. The rate at 
which oxygen is absorbed is sufficiently 
low to permit annealing operations on 
heavy sections to be carried out in air. 
For very light sections, annealing ina 
protective atmosphere is preferable. 

As occurs with the introduction of 
each new metal, suitable applications 
appear only after its characteristics 
have been fully evaluated. Up to the 
present time, no commercial applica- 
tions have been developed for hafnium 
except in the atomic energy pro- 
gramme, where specific applications 
have not been revealed. It has been 
suggested for use in electronic tubes; 
and alloys of hafnium containing 
copper, silver and nickel have been 
produced by powder metallurgy 
methods, 


Institute of Welding 
Larke Medal Award 


The Council of the Institute of 
Welding has awarded the Sir William 
J. Larke Medal for 1952 to Mr. J. 
Rannie, M.Se., M.I.N.A., for his 
paper “ Shipyard Changes with Special 
Reference to Steelwork Construction 
in Oil Tankers.”’ Mr. Rannie is Welding 
Engineer to John Brown & Co., Ltd., 
of Clydebank. 
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B IN ATOMAT 
BETA RAY THICKNESS GAUGE 


COPPER BALDWIN ATOMAT THICKNESS GAUGE provides a continuous 


measurement and indication of thickness of moving sheet and strip. 


tic 
- . Furthermore, it shows clearly any deviation which occurs from a 
um ST LL preset value, 

m This well established instrument incorporates a Radio-Active lsotope 
together with the associated well-designed and highly-stabilised 
- | BRASS elecronic circuitry. Each Gauge supplied is specially engineered 
gy Z to suit the conditions and requirements of the particular process 

e or plant. 


The installation of an ‘‘ ATOMAT”’ not only ensures a constant and 


accurate control of tolerance, but enables the thickness to be kept 


and other 
ALLOYS 


to a minimum, resulting in a saving in material and costs. 


Write for leaflet No. W. 124. 


BALDWIN INSTRUMENT C° * DARTFORD KENT 


Telephone Dartford 2989 & 2980 
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PYROMETERS for INDUSTRY 


The ‘Industrial * range of Edgewise Indicating Pyrometers is suffi- 
ciently wide to cater for all types and sizes of furnaces and other heat 
processing plant, where accurate temperature measurement is vital. 
These instruments are tailor-made to specification by modern 


8 in., 6 in. and 4 in. scales. 


production technique. Standardisation of parts has been made 
possible by a unique design alike for three alternative sizes... .. 


Illustration shows 6 in. Wall Indicator with swivel 
bracket for wall mounting. Models also available 
for flush panel mounting and for portable use. 


Send for List 4910 for 
full particulars. 


THE INDUSTRIAL PYROMETER CO. LTD. 
GOOCH STREET, BIRMINGHAM, 


Nash and Thompson 


Metallurgical Mounting Press 


A machine for the quick mounting of specimens for 
metallographic work, based on the press designed by the British 
Non-Ferrous Metals Research Association. 


The press is available with cylinders diameter 1 in. 1} in. 
and 13 in. These are mounted with the ram in a single unit so 
that the mould can be formed and ejected with an axial force. 


The heating element is rated at 600 watts to give a reason- 
ably quick rate of working, and a water cooling coil is built in 
to the cylinder wall. Moulds up to 2” deep can be produced in 
approximately ten minutes. 10” 12” « 18" high. Weight 76 Ibs. 


Write for a leaflet giving full details of this instrument, 
which is available for quick delivery. It is also available for hire. 


} Nash and Thompson will design and make special 
instruments for any purpose, singly or in small 
batches. The company specialises in instruments 


to do something out of the ordinary for industry. 
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NASH AND THOMPSON LIMITED 


Oakcrott Road, Tolworth, Surrey ¢ Elmbridge 5252 


GAS, ELECTRICAL AND MECHANICAL ENGINEERS 
SCIENTIFIC INSTRUMENT MAKERS * CONSULTANTS 
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FOR PROMPT DESPATCH 


FROM PRE-PACKED STOCKS 


OS 
_.. specify M&B 


“uff, 7 
The containers of M&B Laboratory 


Chemicals and Reagents are 
standardized to those sizes in most 
regular demand, and pre-packed stocks 
of every item are held at Dagenham 
and by stockists throughout the b 
country. In this way, we are able to aI 
ensure that orders are promptly dealt ———— 
with. 

The range comprises over 500 different 

specifications, each of which is carefully 

checked in manufacture and clearly 


printed on the appropriate label. 


Specially designed containers provide 


maximum protection in transit and 


storage, and plastic screw-caps are 


fitted for convenience in handling. LABORATO RY C H E M ICA LS 
AND REAGENTS 


MANUFACTURED BY: MAY & BAKER LTD - DAGENHAM - ENGLAND : TELEPHONE: ILFORD 3060 - EXTENSION 40 


ASSOCIATED HOUSES : BOMBAY LAGOS MONTREAL PORT ELIZABETH SYDNEY WELLINGTON BRANCHES AND AGENTS THROUGHOUT THE WORLD 
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Looking for trouble 


high above London 


ILFORD Industrial X-ray films are always looking for 
trouble—at all levels. This mobile X-ray unit is investigating 
the soundness of a welded structure high above London—a type 
of inspection that calls for a completely reliable sensitised 
material. The fact that so many of the radiographs taken during the 
erection of important engineering projects are made on 
ILFORD Industrial X-ray films is a convincing tribute to their 


ILFORD INDUSTRIAL X-RAY FILM TYPE A 
A general-purpose film whose very high 
speed, exceptional latitude and good con- 
trast when used with calcium tungstate 
screens make it particularly suitable for 
the examination of ferrous welds and heavy 
castings whether with X-rays or gamma 
rays. 


consistently high quality, 


ILFORD INDUSTRIAL X-RAY FILM TYPE C 
A special high-contrast, direct-exposure 
film of medium speed and extremely fine 
grain, intended for the radiography of mag- 
nesium and aluminium castings where very 
fine detail must be recorded, and for the 
examination of all materials having a low 
X-ray absorption coefficient. 


ILFORD INDUSTRIAL X-RAY FILM TYPE B 
A fast film designed for direct exposure 
to X-rays or for use with lead screens. 
Recommended for the radiography of a 
wide range of castings and welds in light 
alloy or steel where the aim is the detec- 
tion of fine detail with economical exposure 
times, 


ELECTROLYTIC 


FOR ALL PURPOSES IN VARIOUS GRADES OR 
MADE TO CUSTOMERS OWN REQUIREMENTS 


ILFORD INDUSTRIAL X-RAY FILM TYPE G 
A new ILFORD product and the fastest 
film yet made for use with or without lead 
screens. Three times as fast as the Type B 
film, yet with very little increase in graini- 
ness, it is ideal for the examination of heavy 
castings and assemblies in steel or bronze 
either with X-rays or gamma rays. 


Illustration shows Newton Victor Raymax 140 kV. Industrial 
X-ray Unit lashed in position for radiography of welds during 
construction of the welded heat-storage tower for the Pimlico 
District Heating Scheme. 

Reproduced by courtesy of Messrs. Newton Victor Limited. 


Industrial X-ray Films 


ILFORD LIMITED + ILFORD + LONDON 


CERIUM 


MISCHMETALL 


as a general deoxident desulphuriser 

and grain refiner—Consult the actual 

manufacturers of rare earth metals 
and alloys : 


BRITISH FLINT & CERIUM 
MANUFACTURERS LIMITED 
(Established 1928) 
ELECTRO-METALLURGISTS, 
MISCHMETALL, FERRO-CERIUM and 
CERIUM-ALLOYS 
Works and Laboratories, Tonbridge, 
Kent. Tonbridge 2970/2753. London 
Offices, 8, Spring Gardens, Trafalgar 
Square, S.W.1. Telephone ;: WHI 1357 


te MANUFACTURED BY THE PIONEERS IN GREAT BRITAIN 


J. & J. MAKIN 


| 
| 
GROSVENOR CHAMBERS, 16, DEANSGATE, | 


MANCHESTER 


LTD. 


ALSO ATOMISED COPPER, TIN 


BRONZE AND BRASS POWDERS 
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CONTROL 


With the new Kelvin Hughes Electronic 
Controller Mk3, the smaller industrial 
organisation can reap the benefit of highly 
accurate and sensitive control without 
adding to normal maintenance personnel. 
Using a common chassis and unit con- 
struction, Kelvin Hughes have achieved 
standardisation on five different instru- 
ments, thus reducing servicing difficulties 
and cost to the user. 

The range covers everything from the 
straightforward two position type, to the 
proportional, with reset programme con- 
trol. All are designed to protect the plant 
in the event of failure. Let us send you 


full particulars. 


The New 
KELVIN HUGHES 


Mark 3 Range 
Electronic Temperature 
Controllers 


KELVIN HUGHES 


PRECISION INSTRUMENTS 


KELVIN & HUGHES (INDUSTRIAL) LIMITED - 2 CAXTON STREET - LONDON : S.W.1 
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Important chemical news! 


HYDRAZINE 


FOR INDUSTRY 
IS NOW AVAILABLE TO ALL 


and Whiffens can give immediate delivery of 
Hydrazine compounds produced by Genatosan Ltd. 


FOR RUBBER—as blowing agents 


FOR AGRICULTURE — in plant growth inhibitors 


Samples, prices and full technical information available on request 
CONSULT WHIFFENS FIRST ON YOUR PROBLEMS 


WHIFFENS 


WHIFFEN & SON LTD., NORTH WEST HOUSE, MARYLEBONE ROAD, N.W.1. 
Teiephone : PA Ddington 1041/6 Telegrams : Whiffen, Norwest, London. 
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MODEL T.42U 


A Self-Indicating Universal 
Testing machine, with four- 
capacity dial. Various capacities 
up to 15,000 Ib. Tools available 
for compression, transverse, 
double-shear, hardness, etc. 


MODEL T.42A2 


A 10 or 15 Ton Self-Indicating 
Universal Te .ting Machine, with 
hydraulic straining unit. 


SPECIAL HORIZONTAL 
TESTING MACHINES 


With four-capacity Dial-Indicator, for: 


Hemp ropes up to 50 Tons 
Chains up to 100 Tons 
Wire ropes up to 200 Tons 


Please write for: 
No. 18 Weighing Machine Booklet 
No. 20 Testing Machine Booklet 


Established 1st January, 1820 


Saml. Denison and Son Cid. 


HUNSLET FOUNDRY, MOOR ROAD, LEEDS 10 


Telegrams: ‘“‘“WEIGH, LEEDS.” Telephone: LEEDS 75488 
London Office: TERMINAL HOUSE, 52 GROSVENOR GARDENS, S.W1. Telephone: SLOANE 4628 
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Heavy demand—increased production— 
lower prices. This sequence governs the 
marketing of these Griffin & Tatlock 
Laboratory Ovens, which embody excep- 
tional advantages gained from many years’ 
experience in the application of thermo- 
static control. Even temperature distri- 
bution and constancy of control are 
ensured by the design principles. The 
cream stoved-enamel exterior finish, lag- 
ging of body and door, reliable, easily- 
operated controls and rotatable roof ven- 
tilator are practical and pleasing features. 


G & T Modulat Oven for use on 
200/230 volts A.C. Tempera- 


ture range 25° C.—160° C. +2° 
C. Heated chamber dimensions 
12 x 12 x 12 in., with two 
perforated shelves. Price 
£37. 10. 0. Leaflet GT 1429/45 


free on application. 


G & T Thermostatic Oven for 
use on 200/250 volts A.C. 
Temperature range 35° O.— 
220° C.£1°C, Heated chamber 
dimensions— 14 in. dia. x 10 in. 
depth, with three perforated 
shelves. Price #46.0.0. Leaf- 
let GT 1367/43 free on applica- 
ion. 


LONDON: Kemble Street, W.C.2. 
MANCHESTER: 19, Cheetham Hill Road, 4. 
EDINBURGH: 8, Johnston Terrace, |. 
GLASGOW: 45, Renfrew Street, C.2. 


BIRMINGHAM: Standley Belcher & Mason Ltd., Church St., 3. 


-by incident phase contrast 
and incident polarised light 
are catered for by the 


BECK 


ILLUMINATOR 


ADAPTABLE TO STANDARD 
METALLURGICAL MICROSCOPES 


Descriptive Booklet from 


R & J BECK LTD- 69 MORTIMER ST-LONDON-Wi 


QUENCHING 
TEMPERING OILS 


retain their viscosity 


~< “What's the point of all this talk 
about viscosities?'’ you may ask. 
% Quite a lot in practice for only 
by a controlled rate of cooling 
the mass of steel can the 
desired metallographic 
changes be achieved. And 
the prime requirement is 
constant viscosity, or as 
nearly so as practicable. 
All the other features one 
looks for in the oil refining 
of carburised steel are also 
right there in ALMARINE 
blends. 


Ask for test figures and full information 


FLETCHER MILLER LTD., HYDE, near MANCHESTER 


BRANCH WORKS AT LONDON, WEST BROMWICH & GLASGOW 


"FMIO4/HTIT 
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silver, copper, cadmium and zine is not an easy 

task. Silver can be estimated conveniently by 
titration with thiocyanate or precipitation as chloride, 
and copper by the liberation of iodine from potassium 
iodide or by precipitation as thiocyanate. Cadmium 
and zinc, however, are more difficult to determine. 

Precipitation of cadmium sulphide in the presence of 
slightly ammoniacal cyanide (after the removal of silver 
as chloride and precipitation of copper and cadmium 
sulphides from acid solution) followed by conversion to 
sulphate is a tedious operation. It involves the use of 
relatively large amounts of cyanide, and the cadmium 
is precipitated in a finely divided form, resulting in 
slow filtration. Also, a complete separation of cadium 
from copper and zinc is difficult to achieve by a single 
precipitation. 

Alternatively, silver may be removed as chloride, 
copper by means of iron wire, and cadmium precipitated 
as the phenyltrimethylammonium iodide complex 
(PhMe,N),(CdI,). This is dissolved in ammonia, acidi- 
fied with hydrochloric acid and titrated with iodate in 
the presence of cyanide. This method, although easier 
to manipulate than the previous one, is by no means 
simple. 

Methods involving electro-deposition offer an immedi- 
ate advantage. Silver may be precipitated as chloride 
and either weighed as such or re-dissolved in cyanide 
solution and deposited electrolytically. After removing 
chlorides from the filtrate by fuming with sulphuric 
acid, diluting and adding a little nitric acid, copper 
may be deposited and weighed as such. Cadmium can 
be separated from zine by precipitation, with hydrogen 
sulphide, from sulphuric acid solution. This separation, 
however, may not be complete, and re-precipitation 
(from sulphuric acid solution) may be necessary. 
Cadmium sulphide precipitated under such conditions 
is in a relatively coarse form, and is quite easily filtered. 
After dissolving the sulphide precipitate in hydrochloric 
acid, making alkaline with potassium hydroxide and 
adding sufficient cyanide to clear the solution, cadmium 
may be deposited by electrolysis. Finally, zinc is 
determined by precipitation as sulphide followed by 
ignition to oxide, or by electro-deposition from alkaline 
solution. 


r | YHE chemical analysis of brazing solders containing 
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The Electrochemical Analysis of Silver Solder 


By R. W. C. Broadbank and B. C. Winram 


School of Chemistry, College of Technology, Leicester. 


In order to speed up the chemical analysis of silver solders a method is proposed based on 
the electro-deposition of the individual metals at the appropriate voltages from perchloric 
acid solutions. The accuracy of the method is claimed to be sufficient for routine purposes. 


Vol. XLVII, No. 281 


This process, however, is still time-consuming, and a 
more rapid method has been developed by Norwitz.! 
Silver is separated by electro-deposition from sodium- 
nitrite /nitric-acid medium, and after destroying the 
nitrite by boiling, copper is deposited. The solution is 
fumed with sulphuric acid, diluted and cadmium 
deposited. Zine is then plated out in the usual way 
from alkaline solution. 

It occurred to the authors that the deposition voltages 
(from acid solution) of the four metals are sufficiently 
far apart for their separation to be feasible without the 
necessity for the rather complicated apparatus used in 
electrochemical analysis with graded cathode potential. 
The following work was, therefore, carried out with a 
view to developing a simple method for the analysis of 
silver solder, using apparatus readily available in the 
average works laboratory. 


Experimental 


In this work a Griffin and Tatlock Electrochemical 
Analysis Apparatus was used, direct current being 
supplied to the electrodes by means of a variable trans- 
former and rectifier. Sufficient control on the applied 
voltage was obtained by using this apparatus with a 
voltmeter connected across the terminals. Platinum 
electrodes were used throughout, but were plated with 
copper prior to the deposition of cadmium and zinc. 

The first experiments were carried out using ** synthetic 
alloys ” made up from weighed amounts of silver nitrate, 
copper sulphate, cadmium sulphate and zine sulphate, 
all of “ Analar ” quality. It was found, however, that 
the last three of these salts were unsuitable, as the water 
of crystallisation did not always coincide exactly with 
the formula amounts. In subsequent experiments, 
therefore, electrolytic copper and *“ Analar”’ zine were 
used. The only convenient source of cadmium available, 
however, was the sulphate, 3CdSO,.8H,O, and this was 
employed after its cadmium content had been deter- 
mined chemically. 

The deposition voltages of the metals concerned, 
under the appropriate working conditions, were deter- 
mined simply by electrolysing the solutions and observ- 
ing the voltages at which deposition commenced. 


1 Metallurgia, 1951, 44, 276. 
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The first electro-separation of copper, cadmium and 
zine was attempted from N/2 sulphuric acid solution in 
the presence of a little gelatin. Copper was separated 
at 2-3 volts, using a fairly rapidly rotating anode 
(approximately 600 r.p.m.). Cadmium was then plated 
out at 3-4 volts, again using vigorous stirring. At 
voltages above 3-6 (and even below this if the stirring 
was not sufficiently rapid) zine was deposited to a 
certain extent. The cadmium deposit tended to be 
rather powdery, but nevertheless stood up to careful 
washing, drying and weighing. Little improvement 
resulted from the addition of more gelatin, and this had 
the disadvantage that frothing became excessive. After 
the removal of copper and cadmium, the solution was 
made alkaline and electrolysed for zine in the usual way. 

The weights of the deposits thus obtained were in 
reasonable accord with the theoretical values. There 
seemed, then, to be no reason why silver solder should 
not be analysed by dissolution in nitric acid, removal 
of silver (e.g. as chloride or, possibly, by electrolysis), 
followed by evaporation, removal of other acid radicals 
by heating with sulphuric acid, dilution and electrolysis 
as described. 

Silver is not deposited in a convenient form from 
nitric acid alone, but it was found that by adding a little 
gelatin and electrolysing at approximately 60°C., a 
reasonably coherent deposit could be obtained from 5% 
nitric acid solution. Synthetic alloys of copper, silver, 
cadmium and zine were then analysed quite rapidly and 
fairly successfully. 

The most difficult and time-consuming operation in 
the process was the evaporation of the solution and 
decomposition of the nitrates by heating with sulphuric 
acid, prior to the electrolysis for copper. Almost 
always there was a marked tendency towards spitting, 
which necessitated constant attention. It was decided, 
therefore, to try the effect of substituting perchloric for 
sulphuric acid.* 

The constituents of a synthetic alloy were weighed 
out, dissolved in 4 ml. nitric acid (S.G. 1-42) and 10 ml. 
water. Nitrous fumes were boiled off, the solution 
diluted to about 60 ml., gelatin added, and silver electro- 
deposited at 60-70°C. and 1-2 volts. After evaporation 
of the solution to low bulk, 10 ml. of 72%, perchloric 
acid were added, and nitrates expelled by heating. The 
solution was diluted to about 100 ml. and electrolysed 
at 2-3 volts with a rapidly rotating anode (circa 600 
r.p.m.). When removing the cathode prior to weighing, 
the voltage had to be reduced to about 2 before stirring 
was stopped, or cadmium began to deposit. The copper 
deposit was washed, dried and weighed. A little gelatin 
was added, and cadmium deposited at 3-3 volts, again 
with rapidly rotating anode. Finally the solution was 
made alkaline with sodum hydroxide, and electrolysed 
for zine. 

This method was, in our opinion, a marked improve- 
ment on that using sulphuric acid. No tendency towards 
spitting was stserved during the fuming prior to the 
deposition of copper. The deposits of copper and 
cadmium were quite hard and bright, and eminently 
suitable for washing, drying and weighing. Results, 
too, were in excellent agreement with those calculated. 


Found Caleulated 
Silver 0-5049 g. 0-5052 g. 
Copper 0- 1629 g. 0- 1628 g. 
Cadmium 0- 2836 g. 0- 2835 g. 
Zine 0-2145 0-2150 ¢. 


2 See Osborn, G. H., Metallurgia, 1949, 39, 111. _ 
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A sample of Easyflo solder was then successfully 
analysed by the same method. 

The possibility then suggested itself thi t silver, too, 
may be deposited in suitable form from perchloric acid 
solution and, if so, that the method may be made stil] 
more rapid. Accordingly, a sample was dissolved in the 
least possible quantity of nitric acid, perchloric acid 
added and the solution heated till nitrates were expelled, 
Upon dilution and electrolysis at 1-2 volts (0-25 amp) 
silver formed a coarse coherent deposit, quite suitable 
for washing, drying and weighing. The addition of 
gelatin was unnecessary (it was subsequently found 
that gelatin was not necessary in the deposition of 
cadmium). It was, however, found that if the con. 
centration of perchloric acid was greater than about 
7°, vv, results were unreliable. 


Final Procedure 


The final procedure adopted was as follows : 
(1) Dissolve 0-5-1 g. sample in 5 ml. of 1: L nitric 
acid and boil off nitrous fumes. Add 5 ml. perchloric 
acid (72°,), evaporate to fuming and heat till nitrates 
are decomposed. Cool, dilute to about 100 ml. and 
deposit silver at 1-2 volts (current about 0-25 amp.) 
with stirring (about 200 r.p.m.). When deposition 
is complete, the voltage tends to rise and _ the 
current to fall. 
(2) Add a further 5 ml. perchloric acid and deposit 
copper, with vigorous stirring (approximately 600 
r.p.m.) at 2-2 volts (current approximately 0-75 
amp.). When the cathode is removed prior to 
drying and weighing, the voltage must be reduced to 
2 before stirring is stopped—otherwise cadmium will 
begin to deposit. 
(3) Deposit cadmium at 3-4 volts with vigorous 
stirring—again reducing the voltage before stirring is 
stopped prior to removal, washing, drying and 
weighing of the cathode. 
(4) Finally, add an excess of sodium hydroxide (any 
turbidity of the solution may be cleared with a little 
cyanide) and electrolyse for zine in the usual way. 
The complete analysis can be carried out in a total 
time of 4 to 44 hours. 

Using this procedure, the following results were 
obtained, for a sample of Easyflo solder, by three 
operators working independently : 


Chemical 


Analysis B.C.W. R.W.C.B.  J.E.E. 

Silver % 50-0 50-0 49-9 50-0 
Copper % 15-5 15-5 15-5 15-4 
Cadmium % 17-9 17-8 17-9 18-0 
Zine % 16-6* 16-6 16-6 16-6 
99-9 100-0 


* By difference. 


Analyses are reported to only three significant figures 
since beyond this, in our opinion, a higher accuracy is 
implied than ordinary methods are capable of yielding. 

A warning should be given that if the deposition of 
one metal is incomplete, not only will the result for that 
metal be low, but that of the following one will be 
correspondingly high. The fact that the results total 
100%, cannot alone be taken to indicate that the figures 
obtained are correct. 

A sample of Silfos solder has also been analysed by 
a similar method. The alloy was dissolved in nitric 
acid, fumed with perchloric acid, and silver and copper 
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determined as described. Phosphorus was determined 
by precipitation from the remaining solution with 
magnesia mixture, in the usual way, and ignition to 
magnesium pyrophosphate. 


Chemical 
Expt. | Expt. 2 Analysis 
Silver %.. .. .. Wel 15-2 15-1 
Copper % os. 79°9 79-9 
Phosphorus % oe 5-1 
100-0 100-2 
Conclusion 


Silver, copper and cadmium may be determined, in 


silver solder, rapidly and with sufficient accuracy for 
routine purposes, by electro-deposition at the appro- 
priate voltages from perchloric acid solution. No 
apparatus is required beyond that readily available in 
the average works laboratory. 

This method has been used for the analysis of Easyflo 
and Silfos solders. 
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Rapid Determination of Bismuth, Copper and Lead 
in Aluminium Alloys by Electrodeposition 


By George Norwitz 
Laboratory of George Norwitz, 3353, Ridge Avenue, Philudelphia 32, Pa. 


method for the determination of bismuth, copper 

and lead in aluminium alloys.'. This method, 
although more rapid than previous methods®* ® is still 
rather long, since it requires filtrations and evaporations. 
In the present paper, the author proposes an extremely 
rapid electrolytic method for the determination of 
bismuth, copper and lead in aluminium alloys that 
entirely eliminates the necessity for filtrations and 
evaporations. In the proposed method, the copper is 
separated from the bismuth and lead by the use of a 
nitric acid medium containing hydrogen peroxide.‘ 
The copper and bismuth are deposited together from a 
nitric-phosphorie acid medium, and the copper, bismuth 
and lead are deposited together from a hydrochloric 
acid medium containing hydroxylamine hydrochloride. 
By the use of simple subtraction the percentage of 
copper, bismuth and lead in the sample is readily 
obtained. For the amount of bismuth found in com- 
mercial aluminium alloys (less than 0-75°%,) there is no 
danger of the bismuth precipiting as bismuth phosphate 
from the nitric-phosphoric acid medium. 


ie an earlier paper, the author proposed an improved 


Procedure 


Dissolve a 1 g. sample in 22 ml. of sodium hydroxide 
solution (15%) by heating on the steam bath. Dilute 
to 100 ml. with hot water and add 35 ml. of nitric acid 
(1 to 1) with stirring. Cool and dilute to 150ml. Add 
30 ml. of hydrogen peroxide (3°) and electrolyse for 
30 minutes at 2 amp./sq. dm. Add 10 ml. of hydrogen 
peroxide (3°) at the end of 15 minutes and another 
10 ml. of hydrogen peroxide (3%) at the end of the 
electrolysis. Immerse the cathodes in water and in 
alcohol, dry at 105° C. for 3 minutes, cool, and weigh 
the deposit as copper. 

Dissolve a 1 g. sample in 22 ml. of sodium hydroxide 
solution (15°) by heating on the steam bath. Dilute 
to 100 ml. with hot water and add 35 ml. of nitric acid 
(1 to 1) with stirring. Cool and dilute to 190 ml. Add 
3 ml. of phosphoric acid and electrolyse for 30 minutes 
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TABLE L—RESULTS FOR BISMUTH, COPPER AND LEAD IN TWO 
REPRESENTATIVE ALUMINIUM ALLOYS 


Contains* Found 


Sample | 
% % 
0-53 Bi 0-50 Bi 
0-53 Bi 
1 } 0-51 Pb 0-53 Pb 
0-51 Pb 
5-51 Cu 5-48 Cu 
| 5-49 Cu 
| 0-50 Bi 0-48 Bi 
0-48 Bi 
2 0-54 Pb 0-52 Pb 
0-53 Pb 
| 5-62 Cu 5-63 Ou 
| 5-59 Cu 


* Determined by A.S.T.M. umpire method (2). 


at 2 amp./sq. dm. Immerse the cathodes in water and 
in alcohol, dry at 105° C. for 3 minutes, cool, and weigh 
the deposit as copper plus bismuth. Deduct the weight 
of the copper to obtain the weight of the bismuth. 

Dissolve a 1 g. sample in 30 ml. of hydrochloric acid 
(1 to 1). Add 15 ml. of hydrogen peroxide (3%) and 
boil to dissolve the copper and destroy the peroxide. 
Dilute to 190 ml. with hot water and add 8 g. of hydro- 
xylamine hydrochloride. Heat to boiling and_ boil 
about 2 minutes. Electrolyse the hot solution for 
30 minutes at 2 amp./sq. dm. Immerse the cathodes 
in water and in alcohol, dry at 105° C. for 3 minutes, 
cool, and weigh the deposit as copper plus bismuth plus 
lead. Deduct the weight of copper plus bismuth to 
obtain the weight of lead. 

The results obtained by the author for two samples 
are shown in Table I. 


REFERENCES 
1 Norwitz, G., Metallurgia, 43, 46 (1951). 
2 American Society for Testing Materials, “‘ A.S.T.M. Methods of Chemical 
Analysis of Metals,” p. 149, Philadelphia, Pa., 1946. 
3 Norwitz, G., Greenberg, 8., and Bachtiger, F., Analytical Chemistry, 19, 173 
(1947). 
4 Norwitz, G., Zeit. anal. Chem., 131, 412 (1950). 
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Rapid Gas Analysis by Dynamic Method 


A New Apparatus Using Soap Film Technique 


By using a dynamic method of gas analysis, results which formerly took an hour or more 


to obtain are now available in a few minutes. 


The apparatus used, which incorporates 


a number of soap film meters, is described, together with its mode of operation. 


analysis, in which gas constituents are consecu- 
tively removed from one representative sample 
and the residual gas volumes measured, is the fact that 
a complete analysis of town’s gas or a gaseous mixture 
of similar composition may take from an hour to an 
hour-and-a-half and a check analysis just as long ; 
moreover, the full attention of a skilled analyst is 
required throughout. 
Barr’s description! in 1934 of an apparatus embodying 
a moving soap film for calibrating gas flowmeters was 
followed in 1936 by some work of Gooderham? showing 
that soap films could be used to define gas volumes. 
Later developments led to the use as meters of calibrated 
glass tubes through which the passage of a soap film 
was timed with a stop-watch*®. More recently, the stop- 
watch was discarded and the method embodied in a 
new apparatus‘. Still further improvements*® led to the 
dynamic or streaming apparatus now manufactured by 
iriffin and Tatlock Ltd., under licence from The North 
Thames Gas Board (formerly The Gas Light and Coke 
Co. Ltd.). With this equipment, which may be operated 
by unskilled personnel after brief instruction, the average 
time for an analysis of town’s gas, after an initial period 
of flushing, is three minutes. 


‘Te E major disadvantage of the static method of gas 


Basis of the Apparatus 
The basic principle of the streaming method is to 
pass gas through an accurate gas meter; to remove one 
constituent ; to pass the gas through a second accurate 


Fig i.—The G.L.C. (Gooderham) soap film gas analysis 
apparatus. 


gas meter; to remove another constituent, and so on, 
The gas meters use a soap film, and the sizes and gradua. 
tions on the soap film meters are designed to suit the 
appropriate gases under test and to give a degree of 
accuracy of about + 0-1%. 

A typical “ meter-scrubber-meter unit is shown 
diagrammatically in Fig. 2. In this unit the streaming 
gas sample enters under constant pressure at K. Via 
stopcock S, it may travel to the scrubber N by tube ¥. 
Alternatively, by turning S through 90°, it may travel 
via L to the calibrated tube or meter. Compression of 
the rubber teat P at the base of the meter causes a soap 
film to be formed across the tube, and this film is pushed 
up the whole length of the meter by the gas advancing 
down L. A measured volume of gas thus passes up the 
scrubber N against a counter current of liquid reagent, 
which removes one constituent. The residual gas flows 
via K* to the second gas meter where its volume is 
measured. 

By extending the units, a complete analytical system 
is built up of meters and scrubbers in series, each 
scrubber being charged with an absorbent specific 
for a given constituent of the gas. All the reactive 
constituents are removed leaving only the inerts. From 
the change in volume, i.e., relative movement of the 
soap films in successive meters, the percentage of each 
constituent can be read off or easily calculated. 


Mode of Operation 


The flow diagram of the G.L.C. (Gooderham) Soap 
Film Gas Analysis Apparatus is shown in Fig. 3. Gas 
enters the apparatus at inlet A and, if at a pressure 
exceeding }-1 in. water, passes directly through a two- 
way stopcock to a constant pressure regulator 15 charged 
with dibutyl phthalate, and thence to the system, under 
a pressure h. Excess gas either bubbles to the outside 
atmosphere through tube B or is burned. If the pressure 
of the gas is insufficient, it is boosted by the adjustable 
compressor C’. In this case, the stopcock of pressure 
regulator 15 is turned through 180°, tap @ acting as an 
additional bleed-off. The gas passes from 15 though a 
control capillary 17, its by-pass tap being closed, and 
enters saturator 14. This contains a spill of blotting 
paper fed from water in the bulb at the base ; the top 
is fitted with a C10 joint cap and the base terminates 
in a drain tap. Thence the saturated gas passes through 
the two-way stopcock 18 to the first soap film gas meter 
1, and the first scrubber 9. This scrubber consists of a 
glass tube 46 cm. long x 6 mm. bore, containing a glass 
helix which is a sliding fit ; at the base it is formed into 
a U-tube which acts as a gas seal and allows spent 
reagent to overflow into the collecting bottle F. The 
gas flows upwards through 9 against a counter-current 
of potassium hydroxide solution delivered under 4 
constant head k through siphon 37, fitted with a B10 
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cap 38, trom reagent bottle D. The flow rate of the 
reagent is controlled by the fine inlet capillary 41, which 
governs the rate of air admission into D. The potassium 
hydroxide solution removes carbon dioxide, and the 
residual gases pass through the next stopcock 18 in the 
system to gas meter 2 and scrubber 10. 

"In scrubber 10 the oxygen is removed by a solution of 
acidified chromous chloride. Thence the gas passes via 
tap 18 to meter 3 and scrubber 11, where unsaturated 
hydrocarbons are removed by activated sulphuric acid. 
Next, the residual gases, now free from water vapour, 
are passed through a second saturator 14 and thence via 
tap 18 to meter 4 and the Pyrex glass combustion 
pipette 43. The latter is packed with copper oxide 
made from wire, and is enclosed in an electrically heated 
furnace 53a operating from an A.C. mains supply and 
maintained at 270° C. hy means of a Simmerstat control: 
the packed tube is fitted at the base with a U-tube 27 
to collect water from the oxidation of hydrogen and to 
act as a gas seal when water-filled. 

The gas then passes via stopcock 19 to meter 5 and 
scrubber 12 where the carbon monoxide, now oxidised 
to carbon dioxide, is removed with potassium hydroxide 
solution. 

The remaining gases then pass via tap 18 to meter 6 
and a second, silica, combustion pipette 44, where the 
saturated hydrocarbons are oxidised to water and 
carbon dioxide. This pipette is packed with Arneil 
catalyst, and is maintained at 600°C. The carbon 
dioxide is removed by potassium hydroxide solution in 
scrubber 13 after the gas has heen measured in meter 7. 
Only inert gases are left to be measured in meter 8 and 
to escape to atmosphere by outlet 45. 

Thus, of the eight meters, No. | meters the initial 
gaseous mixture flowing; Nos. 2, 3 and 4 meter the 
resultant flow after removal of carbon dioxide, oxygen 
and unsaturated hydrocarbons respectively: No. 5 
meters the flow after hydrogen has been oxidised ; No. 6 
meters the removal of a volume of carbon dioxide equal 
to that of the carbon monoxide constituent; No. 7 
meters the increase in volume caused by the oxidation 
of the saturated hydrocarbons other than methane to 


KOH CCl, H, SO, Activates 


Wd 


March, 195! 


Fig. 2. 


Typical 
** meter-scrubber- 
meter ’’ unit. 


COQ, and H,O; and finally, No. 8 meters the residual 
inert gases after removal of CO, by scrubber 13. 

While designed primarily for the analysis of town’s 
gas of low nitrogen content, the apparatus may be set 
up, by the use of appropriate gas film meters, for other 
gaseous mixtures of widely differing composition’. 
Typical percentage analyses have given the results 
shown in Table 17. 

A minimum volume of 1,500—2,000 ml. is sufficient to 
flush out the apparatus and to carry out several 
analyses. 
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TABLE I.—TYPICAL GAS ANALYSTS RESULTS. 


Gas | 


| | | | 
2% Hm% | Hy% CH,% | 


Blast furnace. 
Eucalypt wood 
Brown coal ..| 42-1 


Advantages of the Method 


Among the advantages claimed for this apparatus 
are the following : the accuracy is at least equal to that 
of any other known method; results are obtained 
quickly ; no mercury being used, it is possible to utilise 
reagents that attack mercury; there is no appreciable 
dead space; no temperature corrections are required 
and there being no appreciable back pressure no pressure 


The Physical Society Exhibition 

THE 37th Annual Exhibition of Scientific Instruments 
and Apparatus, organised by the Physical Society, will 
be held at the Imperial College of Science and Tech- 
nology, Imperial Institute Road, London, 8.W.7, from 
Monday, April 13th, to Friday, April 17th, 1953. A 
return has been made to the practice of former years of 
locating the whole of the exhibition in the main building 
of the College and this should be of great convenience to 
visitors. 

The hours of opening are : Monday, 2 p.m. to 8 p.m. ; 
Tuesday to Thursday, 10 a.m. to 8 p.m.; and Friday, 
10 a.m. to 5 p.m. Admission tickets which may be 
obtained from the Exhibition Secretary, 1, Lowther 
Gardens, Exhibition Road, London, 8.W.7, are split 
into four groups: (1) whole day tickets for use on 
Monday or Friday; (2) whole day tickets for use 
Tuesday, Wednesday or Thursday ; (3) morning tickets 
for use any one morning (Tuesday to Friday); and (4) 
evening tickets for use any one evening (Monday to 
Thursday). 

With the penetration of instruments into almost every 
field of technology, it can safely be said that the scientific 
visitor, no matter what his field of interest, will find 
much to interest him. Following the normal policy of 
the Society, the great number of exhibits appeals 
primarily to physicists and much new and original 
equipment will be on show. 

As in previous years, the comprehensive Handbook of 
the Exhibition will be available at the Exhibition, and 
copies can be obtained on application to the Secretary- 
Editor of the Physical Society at Lowther Gardens. 
The price of the publication is 6s. (by post 7s. 3d.). 


Summer School and Conference 
Theory of Plastic Deformation 
Tue H. H. Wits Physical Laboratory and the Depart- 
ment of Adult Education of the University of Bristol, 
in co-operation with The Institute of Physics, will be 
conducting a short Summer School followed by a 
Conference on “ The Theory of the Plastic Deformation 
of Metals, with Special Reference to Creep and to 
Fatigue,” from July 13th to 16th, in Bristol. The 
provisional programme of the course, which will precede 
the conference, includes lectures by Professor N. F. 
Mott, Dr. A. J. Forty and Dr. F. C. Frank. The course 
is similar in conception to those held in the University 
of Bristol on this and similar subjects: it is intended 
mainly for research students at universities and for 


corrections are necessary ; no errors arise from rubber 
tubing absorption of gases: breakages should bg 
negligible since, once the reagent bottles are filled, glagg 
parts are untouched by band; full use is made of 
standard ground glass joints; troubles from reagent 
attack upon stopcocks or and taps their lubricants apg 
eliminated ; _revivification of solid reagents can be 
carried out overnight; the apparatus can be com 
veniently worked by a seated operator. 
REFERENCES. 
Barr. J. Sci. Instr., 1934, 11, 324. 
2 Gooderham and The Gas Light and Coke Co. Ltd. B.P.489, 117. 
3 Gooderham. J. S. C. J., 1940, 59, 1: Chem. and Ind., 1910, 18, 368. 
Gooderham and The Gas Light and Coke Co, Ltd., B.P. 550, 323. 
5 Gooderham. Analyst. 1947, 72, 520. 


§ Gooderham. Anal. Chim. Acta, 1948, 2, 452. 
Donnelly and Broadbent. J. S. C. J., 1950, 69, 527. 


members of the staffs of government and industrial 
laboratories. The particular aim is to see to what 
extent the observed phenomena can be explained ig 
terms of present theories, and to guide future work. 

The fee for the Summer School, which will be on 
July 13th and 14th, is £1 10s., but there will be no feg 
for the Conference. Further particulars and forms of 
application, to be returned before May 3lst, can be 
obtained either from the Director of the Department of 
Adult Education, The University, Bristol, 8, or from 
the Secretary of The Institute of Physics, 47, Belgrave 
Square, London, S.W.1. 


Correspondence 


DERIVATIVE POLAROGRAPHY—A Correction 


The Editor, METALLURGIA. 
Dear Sir, 

We regret that there was an error in Fig. 5 (c) of our 
paper ‘‘ Modification of the Cambridge Polarograph for 
Derivative Polarography” (Sept. 1952 issue, p. 158). 


Switches S, and 8, should only be connected at the level 
of connection (f); the line connecting them at the level 


of connection (g) should be omitted. §,, and the two 
condensers C,, should still be connected at level (g). 
The correct circuit diagram is shown above. 
Yours faithfully, 
P. R. Pomeroy, R. A. WHITE. 
The British Non-Ferrous Metals Research Association. 
London 13.2.53. 


METALLURGIA 
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